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Production and Hatchahility of Eggs 


Weekly recbixls of feed consiiiuption and weight of the birds were 
kept for the 25-bird series of pens. ^Records were kept for 4-week 
periods for the 15-bird series. All feed consumption was figured bn 
the basis of hen-days, and an allowance was made for the feed eaten 
by the cockerels. Each egg was weighed- on the da}^ that it was laid. 
The experiment covered a period of 344 days ; it was begun on vSep- 
tember 3, 1929, and terminated on August 12, 1930. 


EXPERIMENTAL RESULTS 

EFFECT OF DIET ON AGE AT WHICH FIRST EGG WAS LAID 

The pullets used were approximately of the same age. Distribu- 
|ion in the several pens according to weight, so that no significant 
“differences existed between the mean weights of the birds in any two 
pens (Table 3), probably resulted in there being no significant differ- 
ences in age between the birds in any two pens. 

: The difference between the average time before the first egg was 
produced by birds receiving the basal diet and those receiving each 
pf the other diets is significant only in the case of diet 7, which con- 

drined cottonseed meal as a ' ■ - — “ - weights of the 

firds on diet 7 fell below the her diets at about 

lie time the average bird o: 16411 

consumption of the birds on iiiit|j|||||||{!i§;|iiii|in of the birds on 

kny of the other diets at thk (15) found that 

^nttonseed meal apparentb liis lack of pala- 

tability may account for the signinca nriy gre a le v age. at,. jk&t egg of 
the birds on diet 7 in the presehr^^^^ 


Table 3. — Average mirnher of days before first egg, and average initial, maximum, 
and final live weights of the birds on each diet 


Average 
number of 
days before 
first egg 

Ditler- 
ence in 
time 
before 
first egg 
of birds 
on indi- 
cated diet 
and on 
diet 9 

Average 
initial 
weight 
of birds 

Differ- 
ence in 
average 
initial 
weight 
of birds 
on indi- 
cated diet 
and on 
diet 9 

Average 
maxim li ra 
weight 
of birds 

Differ- 
ence in 
average 
'maximum 
weight 
of birds 
on indi- 
cated diet 
and on 
diet 9 

Average 
final live 
weight 
of birds 

Differ- 
ei:ic?e in 
average 
finar 
weight 
of birds 
on indi- 
cated diet 
and on 
diet 9 

Days 

79. 4±3. 9i 
90. 3=b6. 01 
96. 5±4. 90 
80. 3±4. 51 
' 80.'5i:4. 53 
83.,5±4.31 
119.3±6.30 
89. 4d=5. 20^ 
93. 5±4.8i: 

Days 

-n. idzO.o i 
-3. 2±7. 0 
+3. 0±6. 7 
-13. 2±6. 0 
~13.0±6.1 
-10.0±6.6 
■■("25. Sdr7. 3 
r4, ld=7. 08| 

Grams 

1, 770^30. 2 
1,748±24.S 
1, 785:4x25. 3 
1, 771xt21. 0 
1, 807=b22. 7 
1,808x1:26.3 
1, 761±25. 9 
1, 728±23. 3 
1, 722:1x24. 8 

Grams 
+48x1x39.0 
+26x1x35. 1 
+63x1:35.4 
+49dx32.5 
+85+33. 6 
+86+36.1 
+39+35.9 
+6+34, 0 

Grams 

2, 691+38. 3 
2,689+30.7 
2, 799+31. 1 
^ 2, 7.57+36. 8 
2,650+38.3 
; 2, 681+28. 5 
2, 618+35. 4 
2, 794+30. 2 
2,693+39.4 

Grams 
-2+54. 9 
-4+49. 9 
+106+50. 2 
+64+53. 9 
-43+54.9 
-12+48.6 
-7.5+52. 9' 
+101+49. 6 

Grams 

2, 437+41.11 
2, 373+37. 6: 
2, 462+36. S 
2, 479+40. 2 
2, 106+33. 4 
2,417+38.3 
2, 202+33. 1 
2,486+30. 1 
2, 121+33. 4 

Grams 
+316+53. (1 
+252+50. 3 
+341+49. 7 
+358+52.3 
-15+47.2 
+2S6+50. S 
+81+47. 0 
+365+45.0 


...A-.... 



D iet No. 


1 

2 

3 

4 
o 
f] 

7 

8 
9 


There is no evidence of mofrelationi fieMeen the number of days 
before first egg and the percentage of protein in the diet. Even the 
basal diet contained sufficient protein to permit normal assumption 


of egg laying! 


EFFECT OF DIET ON WEIGHT OF BIRDS 


The average maximum weights, showm in Table 3/ wTre observed 
pn February 19, except those of the birds on diet 1, wliich were at- 



6 


Vol. 40, No. 1 


Joiinml of Agricultural Resea/rck 


tiiined about a moiitli later. The difFereiices in average a'pproximat'^, 
iiiaxiiiiuiii weigiit bet-ween the birds on diet 9 and tliose on th€3 otlu^ 
diets are not significant. The average maximum weights of ih. 
birds on diet 5 and on diet 7 were significantly lighter than t^mse ot 
the birds on diet 3. The difference between the average maxhiiuin 
weight of the birds on diet 5 and those on diet 3 was 149± d \0 g 
and between the average for those on diet 7 and those on ’ et 
181 ±47.1 g. Both of these differences are more than three vimes 
their probable errors and therefore are significant. 

The birds on diets 1, 2, 3^ 4, 6, and 8 had significantly heavier 
final live weights than tliose on diet 9. The weights began to divnvrge. 
when iajdng commenced and the differences in weight became greater 
as the experiment progressed. x4 comparison of the final live weights 
(Table 3) with, percentage of protein in the diets (Table -2) shows a 
pronoimced positive correlation between final live weight and per - 
centage of protein in the diet. The value of' this correlation is 
f == ±0.355 ±0.0341, and being ten times its probable error, it is veiy 
significant. This means that pullets laying eggs are able to maintain 
their weight more readily on diets containing a high percentage of 
protein, at least vithin the limits of the percentages used in this 
experiment. On diet 4 the weight of the birds was more effectively 
maintained than would have been expected from its protein conteurf, 

EFFECT OF DIET ON WEIGHT OF EGGS 

^ The average egg weights for the hens on diets 1, 3, 4, 6, and 8 are 
significantly greater than the average egg weight for the hens ox 
diet 9. (Table 4.) A comparison of the values for egg weight with 
the percentage of protein in each diet shows that they are positi v'-eiy 
correlated. The coefficient of correlation is ± 0.339 ±0.031"', 
which, being more than ten times its probable error, is very significant. 
Here, too, diet 4 was more efficient than would be expected from its 
protein content. The eggs from the hens on this diet were heavier 
than those from the hens on diets 2 and 7, wliicli had the sam ; pe.^ 
ceiitage of protein. They w^ere as heavy as those from the In ns 3!v 
diet 6, which had 3 per cent more protein. 

Table 4. — Average weight and total number of eggs produced by the hens on ear': 

diet^ 


Dilierence 


' 

Diet N"o. 

.Average egg 
weight 

in average 
weiglit of 
eggs froTii 
birds oil 
indiented 
diet and on 
, diet 9 

Total 
eggs pro- 
diiced 

Average 

hen-days 

Uinls 
alive ' 
Angusi , 
1930 


Grams 

Grains 

Ntimber 

Nu/inber 

Ninnber 

U. 

57. 8±0.37S 
5G. I±.394 

+2. 9±0. 550 i 
+1. 2± .561 

5, 154 
4, 917 

327. 1±4. 98 
328. 4±.3. 53 

.4 

35 


7)9. Idb .388 

+4. 2± . 5.57 ! 

4, 818 

320. 3 ±6. 44 

33 


57. 3± .371 

+2. 4± . .54.5 ' 

4,493 

323'.6±4'.69 

'30 

■6 ' 

54. 9± .350 
57. Orb . 367 

dbO -b .531 : 
+2. 1± .542 

3, 764 

4 837 

324. 6±5. 28 

.331 A-t-'l 4*11 

33 
' '34 


5d o± ±59 

+ L Idr ’537 

3f540 ! 

OOJ.. *11/ 

325,4+7.57 

37 

S.. ........ 

9 

58.3i: .347 
54. 9db .399 

+3.4± .529 

5,719 1 

.337. 4+3. 2.2. ] 
335. 9+2:: 07 

'IS 

33 




4, 177 j 


Hi 




« All averages given are iiuweiglited averages of the average for each hen in eacii pen. 
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Egg weight is also positively correlated with body w^eight. In the 
present experiineiit the correlation coefficient for egg weight and body 
weight is r ==+ 0.454 ± 0.0309. 

Sipce the diet affects the weight of the egg, it affects the weight of 
the yolk or albumen, or both. The values of yolk weight and albii- 
iiie.: weight given in Table 5 are unweighted averages of the aver- 
ag of one to five eggs for each hen, taken at different times through- 
oil ' the year, and are therefore only approximately representative. 
The average yolk weights for the birds on diets 1, 3, and 8 are sig- 
nificantly greater than the average yolk weight for the birds on diet 9. 
The weights of albumen in the eggs from the birds on diets 1, 3, 4, 
6, 7, and 8 are significantly greater than those in the eggs from the 
birds on diet 9. 


Table ^.—Average weight of yolk and albumen of eggs from hens on each diet 


Diet No. 

Average yolk 
'weight 

Difference 
in yolk 
weight of 
eggs from 
birds on 
indicated 
diet and on 
diet 9 

Average 

albumen 

weight 

Difference 
in albumen 
weight of 
eggs from 
birds on 
indicated 
diet and on 
diet 9 

"l... 

Grams 

17. 09d=0.212 

Grams 

+ 1. 19dz0. 274 

Grams 

32. 24±0. 401 

Grams 

+2. 33d=0. 563 


16. 06± . 1S6 

+. 16± . 254 

31,Q7i .359 

d-1.16± .534 

3 

16, 81d= . 198 

+. 91± . 263 

32. 11± . 401 

+2. 2a± . 563 

•I i 

16. U± . 188 

-h.21± .253 

31. 71± . 352 

+ 1.80± .529 


15.95± ,291 

+.05± .339 

30. 25± . 339 

+ . 34± . 520 
.498 

6.':. ....’ 

16. 59± . 166 

+. 69Sz . 240 

31.72± .305 

.7 

16.06± .225 

+. 16± . 2S4 

3L75d= .458 

+ 1.84± .605 



16. 68.1: . 160 

-4". 78± . 235 

32.21± .318 

+2. 30± . 507 

9 

15.90± .173 


29.91± .395 



The coefficient of correlation between yolk weight and egg w^eight 
is +0.405 ±0.0326, and between albumen weight and egg weight, 
h 0.759 ±0.0165. There is, of course, a significant correlation 
ben Ten yolk weight and albumen weight, but the coefficient is 
surprisingly low: +0,312 ±0.0220. The coefficient of correlation 

between percentage of protein in the diet and albumen weight is 
+0,148 ±0.0384, and between percentage of protein and yolk 
WTiglit is r = + 0.2 12 ± 0.0374. These values are probably low^ because 
of the small number of each hen’s eggs used as a sample. 

EFFECT OF DIET ON INTENSITY OF PRODUCTION 

The total number of eggs produced by the hens on each diet is 
given in Table 4. These figures do not present a true picture of the 
production of the individual hens, since they are not corrected for 
and other factors. The number of deaths varied from 2 on 
diet 8 to 10 on diet 4 (Table 4), but the difference in mean days per hen 
e for these two diets, 13.8± 5.69, is not significant. The hens were 
apparently able to survive about equally well on each of the diets. 
The values for intensity of production, obtained in the manner 
indicated and shown in Table 4, are too low. The pullets were on the 
diets for some time before they commenced today. The efficiency 
of the diets for sustaining production is more adequately showm in 
"Table 6. The true values for yearly egg production, however, would 
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be somewliat lower than those in Table 6, because percentage of egg 
production usually drops toward the end of the first laying year, 
which the experiment did not include. The birds on diets 1, 2, 3, 
and 8, as shown in this table, laid at a significantly greater rate than 
those on diet 9. 


Table 6. — Average annual egg production of hem on each diet « 


Diet No. 

Production 
based on a v- 
erage number 
of ben-days 
after first egg 

Difference in 
average pro- 
duction of 
birds on indi- 
cated diet and 
on diet 9 

Eggs per 
hen per 
pullet year 
(calculated 
on jiroduc- 
tion after 
first egg) 

Diet No. 

Production 
based on av- 
erage number 
of hen-days 
after first egg 

Difference in 
average pro- 
duction of 
birds on indi- 
cated diet and 
on diet 9 

Eggs per 
hen per 
pullet year 
(calculated 
on produc- 
tio.i after 
first egg) 

1 

Per cent 1 
53. 1±2. 15 
51. 3±2. 08 
51. 6±2. 03 
46.0±2.30 
39. 9±1. 22 

Per cent 
\ -j-10.0zh2.65 
' -fS. 2±2. 60 ; 
! -fS.o±2.55 i 
-i-2.9i2.77! 
-3. 2±1. 97 

Number 

197. 0 
1,87. 5 

158.1 
16S. 0 
145. 8 

6 .. 

Per cent 
47.3+1.88 
43. Gil. 71 
55. 9il.72 
43. lil.55 

Per cent 
+4.2±2.44 
+. 5±2. 31 
+12. 8±2.32 

Number 
173. 0 
159. 5 
204. 5 
157. 8 

2... 

3 

8 -., 1 

9 

4 

f). 


i 



« The averages given in this table are unweighted averages of the average for each hen in each pen. 


The data collected in the present experiment show positive correla- 
tion, -1-0.226 ±0.0347, between percentage of protein in the diet 
and percentage of production after first egg, in spite of the fact that 
proteins of different origin were used. The correlation is considerably 
lower than that reported by Kempster (14)? ±0.5179 ± 0.07i, 

but he correlated pen averages, whereas the present correlation is for 
individual hens. In his experiments different percentages of the 
same protein concentrate, meat meal, were used. 

EFFECT OF DIET ON WINTER EGG PRODUCTION 

From the economic standpoint, it is necessary that a diet support 
winter egg production. The number of eggs produced before March 3 
and the percentage which they are of the total eggs produced are 
given in Table 7. 

Table 7. — Winter egg production of hens on each diet 


Diet No. 

Eggs laid from Sep- 
tember 4 to March 3 

Diet No. 

Eggs laid from Sep- 
tember 4 to Alarch 3 

Number 

Per cent 
of total 

Number 

Per cent 
of total 

1 ! 

2,046 

39.5 

6... 

1, 759 

36. 5 

2 ' . ■ ' ' 

1, 466 

29.8 

7 ^ 

■ 885 

25.0 

3.. i 

1,684 

3.5. 0 

s 

1, 919 

33.4 

4 1 

1, 948 

43.4 

9 ... 

1, 571, 

37.5 

5 ^ 1 

■' ,| 

1,464 

i 39.0 





The biids on diet 7 produced few winter eggs in proportion to the 
total number produced. The birds on diet 4 laid more eggs during 
the winter than would be expected from the protein content of the 
diet, but in the spring and summer this diet proved distinctly less 
efficient, which confinns the results of Pederick and Clark (-05). 
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EGG PRODUCTION PER UNIT WEIGHT OP FEED AND OF PROTEIN 

Table 8 gives, the egg production per gram of feed and per gram of 
protein eaten. The supplements used increase in efficiency rather 
regularly with increase of protein content. The supplement in diet 8 
islinore efficient than would be expected from the protein content of 
the three concentrates of which it was composed. This increased 
efficiency is attributed to the mutual supplementary action of these 
concentrates. 


Table 8. — Egg p'oduction oj hens, per unit iveight of feed and of protein, when 07 i 

each diet 


Diet No. 

Eggs pru- 
duced per 
hen per 
day after 
average 
date of 
first egg 

Feed per 
hen per 
day after 
first egg 

Eggs pro- 
duced per 
gram of 
feed eaten 

Eggs « pro- 
duced per 
gram of 
supplement 
eaten 

Eggs pro- 
duced per 
gram of 
protein 
eaten 

Eggs " pro- 
duced per 
gram of 
supple 11 ! en* 
tal protein 
eaten 

I 

Grama 

30.7 

Grams 
134. 2 

Gram 

0. 229 

Gram 

0. 3S0 

Grams 

0. 990 

Gram 

0. 5S5 

0 

28.9 

136. 8 

. 212 

. 263 

1.348 

.828 

3 _ 

31. 1 

134. 9 

.231 

. 357 

1. 012 

. 538 

4 

26. 4 

128. 6 

.205 

. 235 

1. 282 

775 


21. S 

126. 6 

. 172 

. 073 

1. 540 

1731 

6 

26.9 

122. 8 

. 219 

. 305 

1. 198 

. 671 


24. 4. 

127. 8 

. 191 

.167 

1. 190 

. 500 

8 

32.6 

128. S 

.251 

C474 

1.222 

. E31 

9 ^ 

23.6 

119.2 

. 19S 


1. 720 








“ Caioulated by use of the efficiency basal ration. 

* Efficiency of supplement in diet S calculated from the efficiencies of supplempiits in diets 1, 3, and 
4 is 0.333; the ditlerenee, 0.111, is attributed to the supplementary action of the three concentrates on one 
another. 

The efficiencA^ of the protein decreases as the percentage fed in- 
creases. The efficiency of the protein iii the supplement of diet 8 is 
somewhat higher than 
would be expected 
from the percentage 
fed. The efficiency of 
the protein of the sup- 
plement in diet 2 is 
worth}^ of note. It 
gave 0.828 g of egg per 
gram of supplemental 
protein eaten as coin- 
pared with 0.775 g per 
gram of supplemental 
protein for the supple- 
ment in diet 4. 

Egg production per 
gram of feed eaten 
plotted against per- 
centage of protein in 
the diet is shown in 
Figure 1. Figure 2 
shows the egg production per gram of protein eaten plotted against 
percentage of protein in the diet. It has been pointed out that Norris 
and Heuser in feeding experiments with growing chicks, found a 
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Figure 3. —Increase inegg production per gram of feed eaten with in- 
creased percentage of protein in the diet. The eurve represents t he 
values given by the least square solution of the formula 
in which y=grams of egg tier graiu of feed eaten, i;= percentage of 
protein in the diet, and a and 6— constants. The o’s represent the 
observed values 
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decreased efIiciencY of protein with increased protein in the diet. 
Tlieii’ liypotliesiSj that the protein of meat meal, which they used as a 
supplement, was deficient in essential amino acids, certainly does not 
explain the decreasing efficiency of protein with increased protein 
level in egg production. 

The data plotted in Figure 2 are taken from 8 experiments carried 
out ill 6 States with 3 breeds of chickens. Twelve protein supplements 
were used: Meat meal of two kinds, tankage, fish meal, dried buttei*” 
milk, sour skim milk, whey, crab scrap, yeast product, cottonseed 
meal, so3^bean meal, pea meal, combinations of several of those 
listecl, and several unsupplemented cereal diets. The low values 
for the basal rations of Lee,^ Kempster (14), and Philips (27) are 
more probablT" due to the low feed consumption of the birds on these 
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Figuhr 2.™P8erease of protein efficiency with increased protein content in the diet. The formula 
given describes an equilateral hyperbola and was fitted only to the data in the present exper- 
iMient by tne method of least squares. For further explanation see text 


diets than to a relative^ low protein efficiency, for in the present 
experiment the basal ration had the highest protein efficiency of any 
of the diets used. Feed consumption of birds on this diet was prac- 
ticalty the same as that on the other diets, whereas the feed consump- 
tion of Lee’s birds was veiy low. Some of the higher values obtained 
when between 15 and 20 per cent of protein was fed are probably due 
to stimulated feed consumption rather than to high protein efficiency. 
In general, the diets containing milk have a somewhat higher protein 
efficiency for the percentage used than those that do not contain 
milk. It is remarkable that these data from such widely scattered 
sources should show so great a degree of similarity. 

The curve plotted is fitted onlj to the data for the present experi- 
ment and no rational significance is implied. It seems certain that 
for diets on wdiich the feed consumption is approximately' equal per 


3 Lee, a. R. Uupubli.slied data. 1925. 
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iinit weight of bird^ the efficiency of any protein for egg production 
decreases with increased protein content in the diet, at least between 
the limits of 11 and 24 per cent. Mitchell (21) found that the bio- 
logical value of proteins decreases with increased percentage of pro- 
tein in the diet, regardless of protein intake, in the case of milk, corn, 
and oat proteins fed to rats. Since this is apparently true for pro- 
teins generally fed to laying hens, Norris and Heuser’s {22) hypothesis 
can not hold. Mitchell disposes of the argument which they advance 
in the paper cited. The following hypothesis for the decreased effi- 
ciency is very similar to Mitcheirs. Specific dynamic action may 
dccoimt for part of the decrease. It may be that there is a threshold 
value for amino acids in relation to concentration of other nutrients 
m the blood and body fluids above which they are deaminized. If 
this be true, it would follow that above the threshold value more and 
more of the amino acids would be destroyed, and relatively less, 
though in absolute terms more, would pass into the egg. The efficienc}^ 
need not decrease as the maintenance value is approached, for a 
hen may lav eggs for a time on a submaintenance ration, as is shown 
by Titiis (28). ^ 

CORRELATION BETWEEN EGG-PRODUCTION FACTORS 

It has been shown that within the limits of the protein levels used 
in this experiment, percentage of protein is positively correlated with 
factors ill egg production such as intensity of laying, egg weight, yolk 
weight, and possibly albumen weight. Significant positive correlation 
exists between percentage of protein in the diet and body weight; 
body weight is closely correlated with egg iveight. 

Table 9 shows that egg weight and percentage of protein in the diet, 
egg weight and final body weight, egg weight and yolk weight, and 
egg weight and albumen weight are positively and significantly corre- 
lated, as has been pointed out. The correlation between egg weight 
and intensity of production is positive but not significant in contrast 
to JiilFs {12) report of negative correlation between these factors. 
Final body weight, intensity, yolk weight, and possibly albumen 
weight, are positively and significantly correlated with percentage of 
protein in the diet. Yolk weight, albumen weight, and intensity are 
positively correlated with final body weight. Yolk weight and al- 
bumen weight are also positively and significantly correlated. 

Table 9. — Zero-order correlations between the factors in egg production affected 
by protein content of the diet 


Fac- 

tor 

No. 


1 

2 

3 

4 

5 

6 


Egg-production 

factor 

Correlation between factors indicated 

2 

3 ^ 

4 

5 


Egg weight 

Percentage of protein 
Final body weight... 
In ten si cy 

-PO. 339±0. 0317 

-P0.454±0. 0309 
+. 355± . 0341 

+0.087±0.0366 
-f-. 226± .0347 
+. 149d= . 0360| 

+0.405±0.0326 
+. 21 2± . 0374= 
+. 274 ± .0360= 
+.053± .0391 

+0. 759±0. 0165 
4--148± .0384 
+. 29S± .0360 
+. 002dz . 0385 
-l-. 312i .0220 

Yolk weight 





Albumen weight 












« ‘Unteiisity’* is used as a brief term denoting percentage of production after the average time the hens 
on a diet had laid their first eggs. 
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Zero-order correlations may be only apparent. For example, the 
correlation between egg weight and protein may be present onl}^ 
because of the effect of percentage of protein on body weight, since egg 
weight and body weight are closely correlated. To get a more neaily 
accurate picture, it is necessary to find the net correlations; these are 
given in Table 10. 


Table 10 . — Net correlations of factors in egg production 


Factor No. 

Factors in egg prodiietion 

Net correlation 
coefficients 

ri2.34 

Fgg \vt*ight and percentage of protein, with body weight and intensity held 
constant. 

+0. 219±0. 0357 

r!3.2i 

Egg weight and body weight, with percentage of protein and intensity held 
ccaistant. 

+.3S0± .0321 

rM.23 

Egg weight and intensity, with percentage of protein and body weight held 
constant. 

-.019± .0375 

f\h 234 

Egg weight and yolk weight, with percentage of protein, body weight, and 
intensitv held constant. 

+.3e>l.± .0327 

ri6.2fMr) 

Egg weight and albumen weight, with percentage of protein, body weight, ' 
intensity, and volk weight held constant. 

+.736± .0171 

Us. 14 

Percentage of protein and body weight, with egg weight and intensity held 
constant. 

+.222i: .0357 

r24.13 

Percentage of protein and intensity, with egg weight and body weight held 
constant. 

+.187db .0363 

r2n.34 

Percentage of protein and yolk weight, with body weight and intensity held 
constant. 

+.128it: .0360 

r2ii.345 

Percentage of protein and albumen weight, with body weight, intensity, 
and yolk weight Iield constant. 

-.006+ .0375 

r;H.!2 

Live weight and intensity, with egg weight and percentage of protein held 
constant. 

+. 07Sd:: . 0372 

L!5.24 

1 Body weight and yolk weight, with percentage of protein and intensity held 
i constant. 

+.21S± .0357 

r 3(1.245 

i Body weight and albumen weight, with percentage of protein, intensity, 

! and yolk weight held constant. 

+.232± .03.54 

r4,5„23 

1 Intensity and yolk weight, with percentage of protein and body weight held 
i constant. 

[ -,011=h .0375 

'f4tj.233--. 

1 Intensity and albumen weight, with percentage of protein, body weight, 

I and intensity held constant. 

-.054± .0375 

0(5.234 

! Yolk weight and albumen weight, with percentage of protein, body weight, 

I and intensity held constant. 

i 

+.244± .0354 


The net correlations show that egg weight, final body weight, and 
mteiisity are positively and significantly correlated with percentage of 
protein in the diet. There is a slight correlation between yolk weight 
and percentage of protein but none between albumen weight and per- 
centage of protein. Intensity of production is correlated significantly 
only wdth percentage of protein in the diet. The correlation coeffi- 
cients between intensity and egg w^eight, yolk weight, and albumen 
eight are all negative, but none of them is significant. This stock has 
been selected for several generations for both egg weight and intensity. 

The primary purpose here is to find how much one may expect to 
increase the production of eggs, thereby decreasing the feed cost of 
egg production, by increasing the protein content of the diet wdthin 
the limits of the percentages used in-the experi|nent. Percentage of 
protein is an independent variable and egg weight, body weight," and 
intensity are the dependent variables mth respect to percentage of 
protein. The net correlations for these factors may be interpreted in 
terms of changed egg prodiietion or feed cost of egg production by 
using the regression equation of the dependent on the independent 
variables in each case and summing the results. The regression of egg 
weight on body weight, intensity of production on body weight, and 
egg weight on intensity of production must also be used, ' 
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The type equation is 


Y~ Y=r — ( Y— Y) 

^ 0-X2.134 '■ 


in which Y is the value of the dependent variable corresponding to a 
selected value of the independent variable .Y, Y is the mean value for 
the dependent variable, r is the net correlation coefBcient, <tY is 
standard deviation about Y, aX is the standard deviation about X, 
when egg weight, intensity, and body weight are constant. X is the 
mean for the values of the independent variable and X the selected 
value for the independent variable. 

If the lowest and highest observed or derived values for the inde- 
pendent variables are used, the demonstration may be made by the 
following use of the regression equations. 

For egg weight ( Y) on percentage of protein (X) : 

y=0.187X-|- 53.66. 

When X=11.2 per cent, y= 55.75 g, and when X = 23.6 per 
cent, F— 58.07 g, the increment being +2.32 g (a) 

For body weight ( F) on percentage of protein (A”) ; 

F=17.8A + 20.'3. 

When X = 11.2 per cent, 7=2,219 g, and when X = 23.6 per 
cent, 7= 2,440 g, the increment being +221 g (5) 

For egg weight (7) on the derived body weight (A) : 

7=0.00407X+46.38. 

When X = 2,229 g, 7=55.45 g, and when X = 2,450 g, 7= 

56.35 g, the increment being +0.90 g _ _ (c) 

For intensity of production ( 7) on percentage of protein (X) : 

7=0.825X + 33,91. 

When A^ = 11.2 per cent, 7=43.15 per cent, and when X=23.6 
per cent, 7=53.38 per cent, the increment being + 10.23 per 
cent • id) 

The coefhcients of correlation between intensit}^ and egg weight 
and between body weight and intensity are very small, and since they 
are not significant might be ignored, but for the sake of completeness 
they are given. 

For intensity of production ( Y) on body weight (X) : 

7=0.o6431X+ 38.09. 

When A^= 2,229 g, 7= 47.70 per cent, and when X= 2,450 g, 

7=48.65 per cent, the increment being + 0.95 per cent (e) 

For egg weight (7) on intensity of production (AT: 

7=-0:0037X+57.05. 

When A" = 42.25 per cent, 7=56.89 g, and when A^ = 53.38 per 
cent, 7=56.85 g, the increment being —0.04 g (/) 

Thus, increasing the protein content from 11.2 to 23.6 per cent 
would be expected to increase the annual mean egg weight by 2.32 g (a) 
by direct effect and by 0.90 g (c) indirectly by increasing body weight. 
The increase ill protein would increase the intensity of production by 
10.23 per cent (d), and the increase in body weight would increase the 
intensit}^ by 0.95 per cent {e), making a net iiicrease of 11.18 per cent 
as compared with the observed increase of 13.2 per cent between diet 
5 and diet 1. (Table 6.) The increase in intensity would tend to 
decrease weight by 0.04 g (/), leaving a net increase in egg weight of 
3.18 g as compared with the observed increase of 2.9 g. (Table 4.) 
Intermediate values may be interpolated. It probably would not be 
fair to extrapolate beyond the range of the protein percentages used 
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in the present experiment, because it is probable that the efficiency 
of feed coiitaiiiiiig increased increments of protein in the diet increases 
according to a hyperbolic curve rather than a straight line. ^ Linear 
regression gives a fair fit only because the range of values is fairly 
narrow. 

The other net correlations may be evaluated in the same manner. 
It should be noted that although the net correlation between per- 
centage of protein in the diet and each of the several factors in egg 
production is in no case high, the total effect of increasing protein is 
veiy important. 

The niiiltiple correlations existing between the several factors 
studied are given in Table 11. 


Table 11. — Multiple correlation coefficienU of the factors in egg production 


Factor No. 

Factors in egg production 

Multiple corre- 
lations 

ri .2;a 

r2ja.i ..! 

r.'i.aM- i 

n.m. 

1 

j 

Egg weight with percentage of ijrotein, body weight, and intensity 

Percentage of protein with egg weight, body weight, and intensity 

Live weight with egg weight, percentage of protein, and intensity 

Intensity with egg weight, percentage of protein, and body weight 

Yolk weight with percentage of protein, body weight, and intensity 

Albumen weight with percentage of protein, body weight, intensity, and 
yolk weight. 

+0.492A0. 0285 
+.442± .0603 
+.5I9± .0297 
4-. 239± . 0354 
+.300± .0342 
4-.3SSA .0318 


The values for the multiple correlation coefficient, indicate that 
percentage of protein in the diet, body weight, and intensity ac- 
counted for approximately 20 per cent of the variations present in egg 
weight. The remainder of the variation must be attributed to difi‘er- 
ences in quality of the protein supplements used, the inherent varia- 
bility of the birds, and other causes unknown to the writers. The 
other coefficients may be interpreted in a similar manner. 

EFFECT OF DIET ON HATCHABILITY 

During each month of the present experiment, except May and 
August, eggs were incubated. It was possible, therefore, to measure 
the relationship between intensity of production throughout the year 
and hatchability, as well as between average intensity and average 
hatchability for each hen. Table 12 gives the zero-order correlations 
between hatchability and percentage of protein and intensity. 


Table 12.— Zero-order correlations hetween hatchability, percentage of protein,, and 

iniensity 


! 

1 

Factor,' No.' 

, i 

1 

■ . ' 1 

> Egg-production factor 

Correlation between factors 
indicated 

2 

3 

I 

I_-.. 

! Percentage of protein _ - _ . 

+(X 226±0. 0347 i 

-0. 039=h0. 0305 
T. 165rt . 0363 

,9 

Intensitv _. '■ ■ ■ , 


1 Hatchability. 








The correlation between percentage of protein in the diet and inten- 
sity of egg production has been considered and found to be sigriifi- 
cant. The coefficient of correlation between percontage of protein 
in the diet and hatchability, r== ---0.039^:0.0365, is negative and 
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not significant. The coefficient of correlation between average 
intensity and hatchability^ r= -f 0.165 ± 0.0363, is very low but sig» 
nificant. The writers treated these zero-order correlations by the 
method of partial correlation. Percentage of protein coiTelated with 
intensity, with hatchability held constant, (ri 2 . 3 ) is not a logical 
relationship, for hatchability could not affect either of the other two 
factors. It became apparent that there is no significant relation 
between percentage of protein in the diet and average hatchability 
because the coefficient of net correlation, r= —0.083 ±0.0364, is not 
significant. The coefficient of net correlation between intensity and 
hatchability, 7^= 4-0.179 ±0.0363, is low but probably significant. 
It is likely that this latter correlation would be higher in a flock on a 
uniform diet or in a flock on diets containing successively larger per- 
centages of the same protein concentrate, for it is shown that the 
effects of the several kinds of concentrate on hatchability bear no 
relation to their percentage of protein content. 

If- intensive laying depletes the hen's store of substances essential 
for the formation of hatchable eggs, or tends to do so, as Heuser 
(9) supposed, there should be a negative correlation between current 
production and hatchability. This does not necessarily require a 
negative correlation between average intensity and average hatcha- 
bility, for a hen might alternate periods of Yevj intense production 
with periods of broodiness or other nonlaying periods. She would 
thus have a low average intensity but high current intensity for the 
periods of actual egg production. 

The hatchability of all individual clutches of eggs incubated in the 
present experiment was correlated with the percentage of production 
of the hens producing them for the month in which they were pro- 
duced. The value for this correlation is r= 4- 0,197 ± 0. 0154. This 
correlation is low but very significant, being more than 10 times its 
probable error. However, since the data used were obtained from 
incubations throughout the year, it might show only^ that the seasonal 
conditions conducive to high egg prodiiction furnish the most favor- 
able climatic conditions for the collection, storage, and incubation of 
eggs, without necessaril}^ indicating inherent differences in hatcha- 
bility in the eggs themselves. To find out whether this was true, 
hatchability for March and for April was correlated with intensity of 
production for the same months. This correlation is r= ± 0.225 ± 
0.0274 ; it is more than eight times its probable error and is significant. 
Tliis shows that even on the low-protein diets on wliich the hatcha- 
bility was fairly good and the average intensity low, hatchability was 
best for the eggs of the hens laying most heavily. The correlation 
between current production and hatchability for a flock on a uniform 
diet would probably be higher. The coefficient of correlation between 
current hatchability and current intensity for diet 8 for the entire 
period of the experiment is r ^ ±0.298±"0.0415. It seems safe to 
conclude that hens able to lay eggs at a high rate on a particular diet 
will, in general, produce a higher precentage of hatchable eggs than 
those able to Jay only at a low rate on the same diet. 

EFFECT OF DIET ON FERTILITY 

Table 13 shows the effect of the diets on the fertility of the eggs 
produced and includes comparative data on the hatchability of fer- 
tile eggs. In fertility of eggs the greatest diflerence between diet 9 
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and any of the other diets, 5.8I± 1.89, was found between diet 9^^ and 
diet 2, This is barely three times its probable error. ^ Eggs from 
birds on diets 1, 2, and 8 were significantly higher in fertilitv thaji 
eggs from birds on diet 6. Table 13 shows that no diet consisting oi 
feeds tuffs of vege table origin alone gave higher fertility than any diet 
coiitaiiiing an animal-protein concentrate, though the eggs from 
birds on diets 7 and 4 were practically equal in fertility. 


Table 13 . — Effect of the various diets on the fertility of eggs and on hatchabilily of 

fertile eggs produced 



■Eggs 

set 

Fertile 

eggs 

Differences 
in fertility 
of eggs 
from birds 
on indi- 
cated diet 
and on 
diet 9 

Diflereiiees 
in fertility 
of eggs 
from birds 
on indi- 
cated diet 
and on 
diet 6 

Hatch- 
ability 
of fertile 
eggs 

Differences 
in hatch- 
ability of 
eggs from 
birds on 
indicated 
diet and 
on diet 9 

Differences 
in hatch- 
ability of 
eggs from 
birds on 
indicated 
diet and on 
diet S 

Hatch- 
ability 
of total 
eggs 
(deduc- 
tion 
made 
for 

break- 
age, in- 
fertil- 
ity, and 
mortal- 
ity) 

Poten- 

tial 

chicks 

per 

hen 

per 

day 

Poten- 

tial 

chicks 

lier 

kilo- 

grain 

feed 

eaten 



her 1 

Per cent 

Per cent 

1 Per cent 

Per cent 

Per cent 

1 Per ce nt 

Per cent 

Number 

Number 

1 ! 

736^ 

96. 6±0. 52S 

+4. 6S±2. 141 

1+7. 22A:1.59| 

67. Oil. 96 

+2. 0+3. 19 

-6.1+2.66, 

50.2 

0. 271 

2. 01 

2' 

657 i 

97. 7=fc . 544 

+5. SI ±2. 14i 

+8. 35A:l. G9l 

i72. Ii2. 09 

+7. 1+3. 27 

1 -1.0+2.931 

57. 6 

. 295 

2. 16 

i 

648, 

|94. 2=bl.,10 

|4"2. 27=fc2. 12 

!+4.Sl=bL93; 

62. 8i2. OS 

-2. 2+3. 68 

1-10. 4+2. 751 

45. 9, 

.237 

1.76 

4 

652' 

i92. 5=hl. 55 

1 +.56±2.39l 

!+3.10±2. 23 i 

73. 4+1. 89 

+8. 4+3. 15 

+.3+2.61' 

49. 6 

.228 

1.77 

.5 

546189. 4±1.S9 

1-2. 49db2. 621 

±0 dz2. 48 

~1. 6+1. 97 

+6. 6+3. 20 

, -1.6+2.671 

53. 3 

. 213 

1. 68 

6 

669 

89. 4±1. 60 

l~3. 54,±2. 42i 


161. 9+2. 32 

-3. 1+3. 43 

'-11.2+2.941 

40.5 

. 191 

1. 55 

7 

525 

92.4±1.23 

i +. 49d=2. 19| 

i+3. 03A:2. 02 

56. 6+3. 47; 

-8. 4+4. 29 

,-16. 5+3. 91 

45. 0 

. 196 

1. 54 

S 

S27 

95. 0± .86 

1+3. 10±2. 01 

!+5.64±l.S2 

i73. 1+1.80 

+8. 1+3. 10 


59.0 

.329 

2. 55 

9 

664 

91. 9±1. 81 


+2.54d=2.42 

|65. 0+2. 52' 


-8.1+3. lOi 

51.0 

.220 

1. 85 


None of the differences in hatchability of eggs from birds on diet 9 
and those from birds on the other diets is significant, but the eggs 
from birds on diets 3, 6, and 7 show significantly lower hatchability 
than those from birds on diet S. Diets 2, 4, 5, and 8 gave a distinctly 
superior hatchabilit}^ of fertile eggs. 

Table 13 shows that diets 1,2, and S are more efficient for chick 
production than the others. Diet 7 was notably poor. 

EFFECT OF DIET ON EMBRYONIC MORTALITY AND TIME OF DEATH 

Figure 3 gives the average mortality of each day for all eggs from 
birds receiving vegetable diets as compared with that for eggs from 
birds receiving animal protein. The curve for embryos from hens on 
vegetable diets had a peak in mortality during the second week of 
incubation which was not present in the curve for embryos from hens 
recemng animal protein. 

The condition described by Dunn {6, 7) and Landauer {16) as chon- 
drodystrophy is shown by the embryo on the right in Figure 4. This 
embryo died at about the eleventh day of incubation; a normal 
embryo of that age is included for comparison. The chief points of 
difference are the shortened and recurved legs, the parrotlike beak, 
and the sparse down of the chondrodystropMc embryo. These 
embryos were very often edematous. In the present kvperiment 
most of them died during the second week of incubation but a few 
lived longer; none hatched. Table 14 gives the distribution of 
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cliondrodystropliic embryos among tbe eggs from birds on the 
several diets. 



Figure 3. — Average i>ercentage of mortality of embryos in eggs from bens on diets containing only 
vegetable feedstuffs (solid line) and in eggs from hens on diets containing animal-protein concen- 
trate (broken line) as well. 0."’= viable chicks helped out of shell on twenty-second day; 

alive ”= chicks alive in shell on twenty-second day 


Table 14. — Number and percentage of chondrodystrophic embryos from eggs 
produced on the different diets 


Diet No. 

Chondrodystro- j 
phic embryos i 

Diet No. 

Chondrodystro- 
phic embryos 

Diet No. 

Chondrodystro- 
phic embryos 

Number 

Percent- 
age of 
.ertile 
eggs set 

Number 

Percent- 
age of 
fertile- 
eggs set 

Number 

Percent- 
age of 
fertile 
eggs set 

1 

4 

0 56 

4 

2 

.34 

7 

25 

5.25 

9 , 

2 

.31 

5 

7 

1.40 

8 

3 I 

.30 

‘A 

2 

.33 

6 

30 

5.03 

9 

16 

2.61 










Table 14 shows that the 
birds on diets containing 
animal-protein concen- 
trates produced few chon- 
drodystrophic embryos, 
whereas those on diets con- 
taining only feedstiiffs of 
vegetable origin produced 
a relatively large number. 

The liighest number from 
birds on a diet containing 
animal protein is 4, or 0.56 
per cent of the number of 
fertile eggs set; the lowest 
number frona birds on any 
diet consisting of vege- 
table feedstufe is 7, or 
1.4 per cent of the number 
of fertile eggs set. The eggs 
from birds on diets 6 and 7 had more than 5 per cent chondrodys- 
trophic embryos. The average percentage of chondrodystrophic 

— .33- — —2 



A B 


Figure 4.— Comparison of a chondrodystrophic embryo (B) 
with a normal embryo (A). Note the parrot-like beak 
and short, recurved legs of the former. Both embryos are 
about 11 days old 
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embryos in tbe eggs incubated from 34 liens wiiicli produced such 
embryos when fed vegetable diets was 21.98 ±2,53,, and from 12 
hens fed the animal-protein diets the percentage was 6.3 ±0.788. 
The ^fference between these averages is 15.68 ±2.65; the differ- 
ence is six times its probable error and shows conclusively that the 
tendency toward chondrodystrophy was greater among the^ embryos 
from the hens on the vegetable diets. The closeness of the incidence 
of chondrodystrophy in the progeny of these hens on the vegetable 
diets to the classical 3 : 1 Mendelian ratio given b}^' a mating of hetero- 
zygous individuals involving a single recessive character, is without 
significance since the cockerels used were rotated from pen to pen. 

Dunn (7) and Hutt and Greenwood {10) found that the occurrence 
of chondrodystrophy among the progeny of hens was not according 
to chance. This was true in the present experiment, as shown in 
Table 15, wliich gives the frequency distribution of chondrodystrophy 
among the embryos from the hens on vegetable diets compared with 
the frequencies of a Poisson series. The fit is very poor. Dunn (7) 
considered that his failure to increase the incidence of chondrodys- 
trophy by inbreeding ruled out his original hypothesis of inheritance, 
but Hutt and Greenwood {10) considered it probable that hens bear 
a gene or genes for susceptibility to chondrodystrophy, the action of 
which may be augmented by lack of sunlight. 


Table 15- — Frequencies of cliondrodystro'phy among embryos from hens on vegetable 
diets, compared with frequencies of a Poisson series 


Number of 
chondrodvs- 
tropbic 
embryos 

1 

Observed 

fre- 

queney | 

Theoretical 
frequencies 
of Poisson 
series, 
using 

with 

average 

progeny 

Theoretical 

frequencies 

with 

observed 

progenies 

Number of 
chondrodys- 
trophic 
embryos 

i 

\ Observed 
fre- 
quency 

Theoretical j 
frequencies 
of Poisson 
series, 
using 
'rt?=0.5,« 
with 
average 
progeny 

Theoretical 

frequencies 

with 

observed 

progenies 

n 

121 

94, 012305 

94. 092440 

4 ..,-J 

2 

0. 244900 

0. 824135 

1 

16 

47. 006075 

1 42. 578035 

5 ! 

2 

, 024490 

. 214075 

‘y 

6 

11. 751480 

^ 13. 195460 

6 

2 

,005135 

. 000405 

3 ^ 

6 

1. 958580 

4. 094790 

1 

i \ 



/27 1 \ 

« The binomial is ( j X155. (The true value of the exponent, 14, is 13.93±0.799= average sample 
(progeny).) 


Since the progenies varied in size, and the chances of occurrence 
of a particular number of chondrodystrophic embryos in a progeny 
are greatly affected by the size of the progeny, the values shown in 
the last column of Table 15 were calculated. The actual size of each 
progeny containing chondrodystrophic embryos was used in com- 
puting the probability of occurrence of the observed number of these 
embryos in that particular progeny. The average of the probabilities 
of all the progenies containing 0, 1, 2, 3, 4, 5, or 6 chondrodystrophic 
embryos was obtained and multiplied by 155, the total number of 
progenies, to obtain the values given in the table. These values give„ 
a somewhat better fit to the observed frequencies than do the fre-” 
quencies obtained by using average progeny, but the fit is still too 
poor to permit the distribution to be attributed to chance. 

According to the values in the third column of Table 15, a progeny 

^ ^ TTtrrwTilrl Ka AVnApf.Arl ATlf'.fi ITi 
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31j000 times. Actually, it occurred twice in 155 times; one of the 
progenies contained 8, the other 11 embiyos. 

Table 16 gives the seasonal distribution of chondrodystrophy among 
the progenies of hens on the vegetable diets that produced one or 
more chondrodystrophic embryos at some time during the experiment. 
Those from hens on the diets containing animal protein are not in- 
cluded on account of their small number. 

Table 16. — Seasonal distribution of chondrodystrophic embryos in eggs from hens 
* on vegetable diets 




Chondrodystrophic embryos 



Chondrodystrophic embryos 

Date of in- 
cubation 

Fertile 

eggs 

set 

Num- 

ber 

Fertile 

eggs 

Average 
of eggs of 
individual 
hens that 
produced 
such em- 
bryos 

Date of in- 
cubation 

1 

Fertile 

eggs 

set 

Num- 

ber 

Fertile 

eggs 

Average 
of eggs of 
individual 
hens that 
produced 
such em- 
bryos 

Oct. 2 .. 

Number 

12 

1 

Per cent 
8.3 

Per cent 

5. 0±3. 37 

Feb. 19 1 

Number 

53 

5 

\Per cent 
9.4 

Per cent 
ll.l=fc3.45 

Oct. 30 

31 

6 i 

19.7 

32. 6±9. 99 

Mar. 17 

.56 

15 

26. S 

33. 5±5. 57 

Nov. 27 

30 

2 

6.7 

5. 6=i:2. 58 

Apr. 16 

70 1 

23 ; 

32.9 

38. 6=b5. 71 

Dec. 2S 

46 

6 

13.0 

17. 2±5. 61 

June 16 

70 

34 

16 

22,9 

25. 8±5. 02 

Jan. 12 

38 

3 

7.9 i 

10. 4d=5. 42 

July 15 

0 

0 

0 


Treated in this way, the data indicate that the peak of incidence 
falls in October and in the j^eriod from March to June, inclusive. 
However, the probable error of the October percentage is so great 
that it is by no means certain that the high value obtained is other 
than a chance fluctuation. The data are not incompatible vdth the 
hypothesis that these diets were incapable of suppl5dng a sufficient 
quantity of some substance in the eggs essential to the production 
of normal embryos and that this lack was accentuated by the small 
amount of ultra-violet rays received through the winter and spring, 
so that the peak of incidence was reached during the season of liighest 
production. The peak in April corresponds with the peak in Dunn’s 
(7) data, but not with that in the data of Hutt and Greenwood (fO), 
which occurred in January. Opposed to the hypothesis that lack of 
ultra-violet rays influenced the incidence of chondrodj^strophy in 
the present experiment is the fact that the diets contained 2 per cent 
of cod-liver oil of standard potency. It seems more probable that 
the high incidence of chondrodystrophy in the embryos from the 
birds on vegetable diets is due to a deficiency of some substance other 
than vitamin D. The seasonal distribution described by Dunn (7) 
and Hutt and Greenwood (10) might be accounted for in other ways. 
The winter diet of their birds was certainly more restricted than the 
summer diet, if their birds were permitted range. Deficiency in 
some vitamin other than D, present in certain protein concentrates, 
or qualitative deficiency in the protein itself seems more likely. 

SUMMARY AND CONCLUSIONS 

Single-Comb Rhode Island Red pullets and cockerels were fed diets 
containing various proteins of animal or vegetable origin to determine 
the effect of the proteins on egg production and hatchability. The 
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proteins comprised from 11.2 to 23.6 per cent of the diet. The basal 
diet consisted of a mixture of yellow corn meal, wheat bran, rolled 
oats, and alfalfa-leaf meal together vntli a mineral mixture and cod- 
liver oil. The various supplements to the diet were desiccated meat 
meal, crab-scrap meal, North Atlantic fish meal, dried buttermilk, 
dried-yeast preparation, soybean meal, cottonseed meal, and a com- 
bination of the meat meal, fish meal, and buttermilk. 

The birds on the basal diet ate very well; they consumed practically 
as much feed as the birds on the supplemented diets. Current egg 
production was low; hatchability was fair. 

Diet 1, meat-meal supplement, gave very good egg production and 
fair hatchability. 

Diet 2, crab-scrap-nieal supplement, was consumed readily and 
gave good egg production. The quantity of feed required to produce 
1 g of egg was only a trifle liigher than the quantity required when 
the birds received fish meal, and the hatchability of the eggs was 
better. 

Diet 3, North Atlantic fish-meal supplement, gave good egg pro- 
duction, but the hatchability of the eggs produced was somewhat 
low. 

Diet 4, buttermilk supplement, was excellent for winter egg pro- 
duction, egg weight, body weight, and hatchability of fertile eggs. 
Annual production was less than that of hens receiving diet 8, which 
was supplemented bj-^ meat meal, fish meal, and buttermilk. 

The egg production on diet 5, yeast supplement, was not so good 
as that on the basal diet. 

Diet 6, soybean-meal supplement, gave good egg production. 
Hatchability of fertile eggs was low, due in part to the fact that the 
incidence of chondrodystrophy in the eggs of certain hens was aug- 
mented. 

Diet 7, cottonseed-meal supplement, delayed the beginning of egg 
prodiiction. It also increased the incidence of chondrodystrophy 
in the eggs of certain hens and gave low hatchability. 

Diet 8, meat meal, fish meal, and buttermilk supplement, proved 
to be an excellent diet both for egg production and for hatchability. 

Increasing the percentage of protein in the diet within the limits 
of 11.2 and 23.6 by the use of protein supplements of difi'erent origin 
augmented egg production (1) by increasing intensity of production ; 
(2) by increasing egg weight tl^ough direct effect on yolk weight, 
and (3) indirecth^, by increasing body weight and yolk weight, there- 
by increasing albumen weight. 

Increasing protein level, within the limits stated, increased the 
quantity of egg produced per unit weight of feed eaten. 

Increasing protein content decreased the efficiency of protein for 
egg production. 

In general, during a given period, more eggs were hatchable from 
hens w’hich laid intensely than from those which did not. 

Diets containing proteins from vegetable sources only increased 
the incidence of chondrodystrophy in the embryos of hens likely to 
produce such embryos. Embryos in eggs from hens on such diets 
had a high second-week mortality. 
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THE INTERRELATIONS OF TWO HYMENOPTEROUS EGG 
PARASITES OF THE GIPSY MOTH, WITH NOTES ON THE 
LARVAL INSTARS OF EACH ^ 

By D. L. Parker 2 

Junior Entomologist, Division of Forest Insects, Bureau of Entomology, United 
States Department of Agriculture 

INTRODUCTION 

Two imported hymenopterous egg parasites of the gipsy moth 
{Porthetria dispar L.) are established over a considerable part of 
the area of New England infested by that species, and it has been 
assumed that there w^as more or less competition between the two 
parasites when in the same area. It is the purpose of the writer to 
present some observations recorded during an attempt to determine 
the interrelationships of these parasites, Anastatus dispar is Ruschka^ 
and Ooencyrtus kuvtmae (Howard)/ when both occur in the same 
locality. In the course of the experiments some additional informa- 
tion concerning the larval instars of the parasites was obtained and is 
included in this paper. 

Anastatus disparis (fig. 1) occurs in many parts of Europe and 
Japan. It was &st colonized in this country in 1908 and since 
then has been liberated throughout most of the infested territory. 
Ooencyrtus kuvanae (fig. 2) is a native of Japan and was first colonized 
in this country in 1909. A. disparis^ partly because of its wider 
distribution in the infested area of the New England States, is 
the more important parasite. 

Previous publications dealing with the parasites of the gipsy 
moth contain accounts of these two species. Howard and Fiske ^ 
record instances of Anastatus larvae being parasitized by females 
of Ooencyrtus and of a generation of this parasite being carried 
through to maturity within the larvae of Anastatus. Grossman^ 
states that in some instances larvae of both species have been found 
within the same host egg, but in such cases neither parasite has 
issued. It is also stated that it would seem from the observations 
made that Anastatus would suffer in an area where Ooencyrtus was 
abundant. Burgess and Grossman® state that these two parasites 
do not often conflict. These statements were suggested by observa- 
tions made in connection with the importation, rearing, and coloniza- 
tion of these parasites, but the subject of the interrelations of the 
species has not previously been investigated in detail. 


1 Received for publication Mar. 28, 1932; issued February, 1933. 

2 The writer is indebted to C. W. Collins, in charge of gipsy moth and brown-tail moth investigations 
of the Bureau of Entomology, for his cooperation in making these experiments possible. Acknowledgment 
is also made to C, F. W. Muesebeck for suggestions incorporated in the plan of the experiments, and to 
various workers on the staff for information taken from notes on file in the laboratory. 

3 Order Hymenoptera, superfamily Chalcidoidea, family Encyrtidae. 

^ Howaed, L. 0., and Fiske, W. F. the importation into the united states of the parasites 

OP THE gipsy moth AND THE BROWN-TAIL MOTH: A REPORT OF PROGRESS, WITH SOME CONSIDERATION 
OP PREVIOUS CONCURRENT EFFORTS OF THIS KIND. U. S. Dept. AgT., Bur. Ent. Bul. 91, 312 p., lllUS. 1911. 

5 Grossman, S. S. two imported egg parasites of the gipsy moth, anastatus bifasciatus fonsc 
AND scHEDius kuvaNae HOWARD, Jour. AgT. Research 30: 653. 1925. 

s Burgess, A. F., and Grossman, S. S. imported insect enemies of the gipsy moth and the brown- 
tail moth. U. S. Dept. Agr. Tech. Bul. 86:33. 1929. 
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SEASONAL-HISTORY NOTES ON THE HOST AND PARASITES 

The greater part of the life of the gipsy moth is spent in the egg 
stage. The eggs, in a compact mass covered by the hairs from the 
abdomen of the female, are deposited during July and early August on 





Figure l.—Amstatus disparts: Adult female, X 22. (Howard) 








Figure 2.— Oo<s72cj/rf«« toaRfltf; Adult female, X 35. (Howard) 

tree trunl^s, branches, stones, and, in fact, on almost any object in the 
immediate vicinity of the point where the female moth, which is in- 
capable of flight, has emerged. Hatching usually occurs during the 
first two weeks of the following May. The young caterpillars grow 
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rather rapidly , and the larval life is completed in early July, when 
pupation occurs. The duration of the pupal period is about 11 days 
for females and 14 days for males. Oviposition occurs directly after 
the fertilization of the female moth. 

Ooencyrtus kuvanae usually hibernates in the forest debris as an 
adult female. The females that survive the winter appear during the 
first warm days of April and have been observed ovipositirig during 
the latter part of that month on bright warm days. Six weeks is 
required for the first generation to develop in ovex'wintering eggs of 
the gipsy moth, the adults appearing during the last week of M ay and 
early June. Those of the second generation emerge during the first 
half of July. About three weeks is required for the development of the 
third generation, which is the first that is able to develop entirely on 
the newly deposited eggs of the host, emergence of the adults occur- 
ring during the first half of August. Under laboratory conditions a 
generation develops in 15 days. There is some overlapping of genera- 
tions. Part of the adults of the first and second generations oviposit 
in dead and infertile eggs in the early spring, whereas others live until 
the new eggs are deposited and attack these. There is sufficient time 
for four complete generations and a partial fifth in New England. 

Anastatus disparis hibernates as a full-fed larva within the egg of 
the gipsy moth and is rather well protected by the coating of hairs 
covering the egg mass. The adults may emerge as early as the middle 
of June or as late as the middle of August, but the majority are present 
in the field at the time of maximum oviposition by the gipsy moth, 
which normally occurs in July. The period from egg deposition to 
larval maturity is from 12 to 15 days. In some years, however, there 
is a partial second generation, which is of slight importance.'^ From 
this resume it is apparent that the life history of Anastatus disparis 
coincides more closely with that of its host than does that of Ooan- 
cyrtus kuvanae. Furthermore, the hibernation of Anastatus is more 
successful than that of Ooencyrtus in the New England States because 
of its ability to withstand lower temperatures. It has been very 
difficult to bring adults of Ooencyrtus through the period of hiberna- 
tion in laboratory experiments. Observations in the field indicate 
that the number of females living through the winter is very small. 

OUTLINE OF EXPERIMENTS 

In an attempt to duplicate conditions as they might occur in the 
field, two parallel sets of experiments were conducted. In one set 
eggs w^ere subjected first to Anastatus disparis and then to Ooencyrtus 
kuvanae; in the other they were subjected first to 0. kuvanae and then 
toul. disparis. In the field no doubt there are more instances of A. 
disparis attacking the eggs first than of 0. kuvanae attacldng first, 
because of the greater numbers of Anastatus present at the time of 
egg deposition. An outline of the experiments conducted is given 
below. 

(1) In experiment 1 a number of host eggs were subjected to para- 
sitization by individual females of Anastatus. Each day a few eggs 
that had been attacked were placed with females of Ooencyrtus. 


7 The foregoing facts concerning the life histories of the host and parasites were taken from the previously 
cited papers of Burgess and Crossman, and of Crossman, with the exception of the duration of the pupal 
period of the host, which was taken from unpublished data collected hy J. A. Millar of the gipsy-moth 
laboratory. 
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This was continued for lo days to obtain a series of eggs containing 
Anastatiis that had been attacked by Ooencyrtus at different periods 
of the egg and larval development of Anastatiis. 

(2) Experiiiient 2 was essentially like experiment 1, except that 
Ooencyrtus was allowed to attack the host eggs first, after which 
they were subjected to Anastatiis. At the end of 15 days Ooencyrtus 
adults were issuing, which made it unnecessary to continue the experi- 
ments. 

(3) One egg cluster from egg masses deposited by female moths on 
thin blocks of wood was fastened to the bottom of each of seven cages 
constructed of fine copper screening. These cages were cylindricar, 4 
inches in depth and 5 inches in diameter, and had removable tin 
covers to which were fastened small metal handles; the cages them- 
selves were fastened to wooden bases. Ten females of Anastatus were 
left in each cage for two daj'S, after wliich all were removed. Ten 
females of Ooencyrtus were then introduced into one of the cages and 
left for two days. This was repeated with the other cages at 2-day 
intervals until all the cages had been treated in this manner. These 
cages and those used in experiments 4 and 5 were placed in the labora- 
tory 3 mrd. 

(4) Ten females of Ooencyrtus were placed in each of seven cages, of 
the foregoing type, and allowed to remain there for two days. The 
adults were then removed, and 10 females of Anastatus were placed 
in one of the cages and kept there for two daj^s. The other cages 
were taken one at a time at 2-day intervals an^ treated in the same 
manner until all egg masses had been subjected to attack by both 
species. 

(5) Five similar cages were used containing 10 females of each 
species caged together for 18 days. 

(6) Two hundred and fortj^ females of Anastatus were placed with 
12 entire egg masses in a wooden box having a glass top. At the 
expiration of 2 da}* s the Anastatus females were removed and 2 of the 
egg masses placed vuth 40 females of Ooencyrtus, where they were 
kept for 2 da^^'s. This was repeated at 2 -da 3 ^ intervals with fresh 
parasites until all the masses had been subjected to Ooencyrtus. 

(7) Experiment 7 was similar to experiment 6, except that Ooen- 
c^utus was allowed to attack first, and the egg masses were then 
subjected to Anastatus. 

(8) Experiment 8 was similar to experiment 6, except that the 
number of parasites used was decreased by one-half. 

(9) Experiment 9 was similar to experiment 7 except that the 
number of parasites used was decreased by one-half. 

^ This combination of experiments seemed comprehensive enough to 
give valuable information as to the behavior of each of the parasites 
in relation to the other. The first two experiments are the most 
valuable because the parasites were kept under observation at all 
times. The remainder of the experiments were conducted as a check 
upon the first two. 

PEOCEDURE FOLLOWED IN THE EXPERIMENTS 

In the first experiment the following method was used: One gipsy- 
moth egg was fastened to a small piece of paper by means of shellac 
and placed in a small glass vial (35 by 10 mm) with 1 female of 
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Anastatus. This was done to prevent interference between the fe- 
maleS; such as had been noticed when a number of eggs were confined 
with several females. One man could watch about 50 of these vials 
with comparative ease, for the adults wmrk rather slowly. When 
an egg was observed to have been attacked, it was removed and 
examined very carefully for the presence of a puncture made by the 
ovipositor of the female. Such a puncture would not necessarily 
signify the presence of a parasite egg (fig. 3), for the females often 
punctured the host eggs merely to provide openings at which to feed. 
Accordingly, it was necessary to subject entire egg masses to Anas- 
tatus, for the coat of hairs decreased the feeding by the adults. After 
the masses had been exposed for one day they w^ere broken up and the 
eggs cleaned by rubbing them over cheesecloth stretched tightly over 
a wooden frame. The punctured eggs were then picked out for use 
in this experiment. For the first four days after attack by Anastatus 
it was impossible to determine definitely whether parasitism had 
taken place, but from that time on no egg was used which was not 
definitely known to contain an Anastatus larva. A few of these eggs 
were oftered to Ooencyrtus each day, and as soon as the}^ were 
attacked they were removed and examined for the presence of the 
egg of Ooencyrtus. This egg (fig. 4) has a stalk’’ which extends 




Figure 3.— Egg of AnasfMiis dispaTis, X 110. (Howard and Fiske) Figure 4.-“Egg of Ooen- 

cyrtus kuvanae, X 140 

through the host egg sufficiently far to be easily recognized with a 
binocular microscope. This stalk, which is merely the end of the 
petiole of the egg, is definite evidence that Ooencyrtus has deposited 
an egg. By this method a series of host eggs was obtained containmg 
eggs or larvae of Anastatus and which had then been subjected to 
Ooencyrtus while the former vras in different stages of development. 

The second experiment, while essentially like the first, differed 
slightly in method. Individual eggs were subjected to attack by 
Ooencyrtus and then submitted to Anastatus. It would have been 
better if entire egg masses had been submitted to Ooencyrtus and then 
to Anastatus and those eggs picked out that showed evidence of attack 
by both species. However, such a procedure would have involved 
sifting out and looking over so many eggs that it was impractical, 
and as Ooencyrtus readily attacked individual eggs no entire masses 
were used. 

In all the remaining experiments the following method was employed : 
After the egg masses mentioned in the outline of work had been treated 
and the adults of Ooencyrtus had issued, the eggs were sifted from 
the clusters and counted. They were then separated into three 
groups — eggs from which Ooencyrtus adults had issued, eggs contain- 
ing larvae of Anastatus, and unparasitized eggs. The adults of 
Ooencyrtus which emerged from these were not counted, for in many 
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cases two adults issue from one host egg. The eggs containing 
Anastatus larvae were examined for evidence of Ooencyrtiis, as in 
the previous experiments. 

RESULTS OF THE EXPERIMENTS 

An analysis of the information obtained from these experiments 
must take into account the direct observations made on the habits 
of the parasites as well as the results expressed in tabular form. If 
this is done the results of the experiments can be explained more 
clearly than would be possible if only the tabulations were used. 

The results obtained in experiment 1 are shown in Table 1. A 
stud\^ of Table 1 reveals several significant facts. The more strildng 
perhaps is that the only Ooencyrtus that reached maturity in the 
entire experiment were found in the eggs that were attacked during 
the period from a few horns to four days after attack by Anastatus. 
It was during this period that host eggs were used which were not 
definitely Imown to contain Anastatus, and it is doubtful whether 
any of the emerging Ooencyrtus developed within an egg that con- 
tained Anastatus. 

Table 1 . — Results ohtamed from gipsy-moth eggs that were attacked first hy Arias- 
iatus disparis, then subjected to Ooencyrtus kuvanae 


Period between attack by Anas- i 
tatns and attack by Ooeneyr- 1 
tus days-.l 

i 

Less' 
: thani 
1 1 

1 


* 

4 

i 

5 

6 

7 

8 

1 

1 

9 

10 

11 

12 

13 

14 

15 

Eggs showing evidence of attack 
by both species number.. 

10 j 

10 

9 

11 

17 

9 

10 1 

4 

4 

0 

0 

0 

0 

0 

0 

0 

Eggs in which Anastatus devel- 
oped to maturity-number... 


s 

7 i 


8 

9 

10 1 

4 

1 4 

5 

0 

4 

5 

0 

3 

4 

Eggs in which Ooencyrtus de- 
veloped to maturity-number.. 

i 

I 

6| 

1 

2 

2 

i 


9 ^ 

1 

0 

0 ! 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Another significant fact brought out by Table 1 is that the females 
of Ooencyrtus kuvanae were able to oviposit mthin an egg containing 
Anastatus disparis until it had reached the eighth day of its develop- 
ment. In some instances Ooencyrtus developed to the third instar, 
but when the Anastatus larva reached the last instar the only evi- 
dence of Ooencyrtus was the remnants of an incomplete anal sliield. 
In other instances, owing to the irregularity of development, the 
Ooencyrtus females were unable to oviposit after six days. Observa- 
tions showed this to be due to the mechanical action of the Anastatus 
larva. The larva is disturbed by the drilling operations of the Ooen- 
cyrtus female, and by the time the ovipositor enters the egg Anastatus 
is out of reach. The movements of the larva bring its head close to 
the opening made in the egg by the ovipositor of Ooencyrtus, and 
this places its body in a position w^here it can not be reached. Often 
the larva of Anastatus touched the ovipositor, which caused the 
female Ooencyrtus to leave the egg. A similar attempt was observed 
when Anastatus tried to oviposit in an egg containing Ooencyrtus, 
but with much less success on the part of Ooencyrtus, as the larva 
was somewhat handicapped by its attachment to the remains of its 
own eggshell, which restricted its movements. The ability of a larva 
of one parasite to move away from the ovipositor of another is due 
in part to the cautious maimer in which the adult parasite feels 
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around within an egg before ovipositing, and also to the length of 
time required for a female to puncture the chorion of the egg. 

From the results of this experiment it appears that Anastatus would 
suffer little in competition with Ooencyrtus. The presence of Ooen- 
cyrtus in the first part of the series is not surprising for the reason 
that it is impossible to make certain that host eggs contain ilnas- 
tatus until five days after attack by this species. Aside from this 
short period the evidence is conclusive that Ooencyrtus does not 
displace the Anastatus larva. 

The results of experiment 2 were rather disappointing, owing to the 
presence of a factor that could not be controlled. This was the feed- 
ing habit of Anastatus, previously mentioned. It rather upset the 
results of the experiment and made it difficult to draw satisfactory 
conclusions. By making due allowance for this habit, however, some 
information of value may be derived from this experiment. (Table 2.) 


Table 2. — Results obtained from gipsy-tnoth eggs that were attacked first by Ooen- 
cyrtus kuvanae, then subjected to Anastatus disparts 


Period between attack by Ooen- 
eyrtus and attack by Anasta- 
tiis -.days.. 

I Less 
than 
1 

1 

2 

3 

4 

5 

6 

7 

S 

9 

1 

10 

11 

12 

13 

14 

«15 

Eggs showing evidence of attack 
by both species number.. 

9 

11 

10 

10 

10 

10 

8 

9 

15 

22 

12 

14 

15 

5 

6 

10 

Eggs in which Ooencyrtus devel- 
oped to maturity number.. 

7 

7 

10 i 

10 

9 

4 

2 

4 : 

5 

8 

7 

10 

11 

1 

1 

8 

Eggs in which Anastatus devel- 
oped to maturity number.. 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0' 

0 

0 

Eggs containing both species 

number.. 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

Ooencyrtus considered as killed 
by feeding of Anastatus adult 
number.. 

0 

1 

0 

0 

1 

5 

6 

4 

10 

13 

5 

4 

i 

4 

i 

4 

5 

2 


« At this time Ooencyrtus adults were issuing from host eggs. 


Two facts stand out in Table 2 : (1) The very small number of Anas- 
tatus that matured and (2) the large number of Ooencyrtus whose 
deaths were attributed to the feeding of the Anastatus femsles. 
Both of these circumstances resulted from the feeding habits of 
Anastatus, for it was noted throughout the experiment that the 
majority of the Anastatus females spent their time puncturing the 
host eggs in order to feed and in many cases did not oviposit. The 
death of a larva of Ooencyrtus noted in the third column of Table 2 
was not caused by direct feeding by Anastatus but resulted from a 
reduction of available food, which prevented the larva from complet- 
ing its growth. The later deaths, however, wez'e caused by direct 
feeding of the adult Anastatus upon the body substance of the larvae 
or pupae of Ooencyrtus. In some instances it was possible to see the 
feeding tube constrlicted by the parasite extending from the body of 
the larva or pupa to the surface of the egg. 

In all, four normal Anastatus larvae matured in this experiment. 
These were found in the eggs parasitized by Anastatus one day or less 
after Ooencyrtus had oviposited in them. In contrast with the condi- 
tion in the first experiment it is certain that every egg used in this 
experiment had been oviposited in by Ooencyrtus before it was ex- 
posed to Anastatus. Therefore, in these four cases the egg or early- 
instar larva of Ooencyrtus must have been destroyed by the develop- 
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ing Ana status larva. The remaining five Anastatus larvae occurring 
in this experiment were found in company with Ooenc37Ttus. In 
three instances the Ooencyrtus were larvae, and in the last instance 
there were two Ooencyrtus pupae \rithin the one host egg with tw^o 
larvae of Anastatus. In the instances where the egg contained both 
species all the Ooencyrtus larvae and pupae and four of the five An- 
astatus larvae were dead, the remaining one being barely alive. 

The results in Table 2 indicate that it is possible for Anastatus to 
oviposit in an egg containing Ooencyrtus in any of its developmental 
stages, as some of the Ooencyrtus had pupated in nine days. There is 
some doubt whether either species would be able to complete its de- 
velopment if the attack by Anastatus occurred after the Ooencyrtus 
larva had reached the second instar, for in the eggs used in this exper- 
iment the second instar was reached on the third day, and no Anastatus 
matured in eggs attacked after two days had elapsed. 

The importance of the feeding of the females of Anastatus would be 
over-emphasized if the figures in Table 2 were taken as an indication 
of the extent of its feeding under field conditions. The opportunity 
for the females to feed is much reduced on an entire egg mass because 
of the coating of hairs that covers a normal egg cluster. Egg masses 
vfiU occasionally be found that are only partly covered, and in such 
cases considerable feeding by Anastatus might occur. If feeding 
did occur on the newly deposited eggs the development of the embryo 
would be prevented, as has been observed in some instances in the 
laboratoiy. 

It is probable that experiment 1, in which the eggs were first 
attacked by Anastatus disparis and then by Ooencyrtus kmanae, repre- 
sents the situation more nearly as it occurs under field conditions, for 
it is probable that A. disparis is present in greater numbers at the 
time of deposition of gipsy-moth eggs than is 0. kuvanae. 

As ahead^-^ explained, the remaining experiments listed in the plan 
were conducted in order to check the results of the series in which 
indiridiial eggs were used. As a whole the experiments were some- 
what disappointing because the parasitism by Anastatus was lower 
than was expected. The adults did not work weU in captivity under 
any conditions. The results, however, compare very well with those 
of the first two experiments. There is no indication of serious con- 
flict between the two species, but it did appear that in a few instances 
Ooencyi’tus oviposited in an egg containing Anastatus which re- 
sulted, as in the first experiment, in no development of Ooencyrtus. 
The results of these later experiments are not shown in tabular form 
because the^^ present no information in addition to that furnished 
by the first two experiments. 

Special efforts were made to duplicate an example, previously 
mentioned, of Ooenc 3 utus acting as an internal parasite of hibernating 
Anastatus larvae. Many attempts have been made in previous 
years to observe an incident of this sort, but without success. The 
writer, during these expeiiments, succeeded in obtaining reproduction 
of Ooenc^^rus upon hibernating larvae of Anastatus by artificial 
means. Host eggs containing Anastatus larvae were placed for 
periods of from 4 to 15 minutes in a vial containing cotton that had 
been dipped in chloroform. These eggs were then subjected to attack 
by Ooencyrtus females, and oviposition was observed in some in- 
stances. The Anastatus larvae recovered from the effects of the 
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chloroform^ but those larvae that had been attacked were killed by 
the developing Ooencyrtus larvae. It is possible that isolated in- 
stances of hyperparasitism occur, but only on larvae of Anastatus 
that are dead or dying at the time of attack by the females of 
Ooencyrtus. 

INTERPRETATION OP THE RESULTS 

The results of the experiments here recorded indicate that it is 
advantageous to have both Anastatus disparis and Ooencyrtus kuvanae 
in the same locality. Theoretically it is possible that conditions 
might arise under which Ooencyrtus would be unable to reproduce 
itself, as, for instance, if Anastatus adults were present in such 
numbers as to utilize all the available host eggs first. If, on the 
other hand, Ooencyrtus had parasitized all the available eggs, it 
would be difficult for Anastatus to reproduce. 

It is impossible, vdthin reasonable hmits, to ascertain the maximum 
percentage of host eggs that the varied sizes and shapes of the egg 
clusters make available to these parasites. Competition between the 
parasites would occur if the combined percentages of parasitism 
approached the hmit of available host eggs. Field studies in the 
areas of New England where both these species are found do not 
indicate that there is any such conflict. 

Anastatus disparis appears to be better suited than Ooencyrtus 
Tcuvanae to its host and to New England because its seasonal history 
parallels that of its host and because its hibernation is more successful 
in this area. Anastatus does not suffer from competition vdth Ooen- 
cyrtus, which succeeds in producing some parasitism in addition to 
that caused by Anastatus. The control exerted by the combined 
parasitism of the two species is greater than that which would be 
effected hj either parasite working alone. 

LARVAL INSTARS OF THE PARASITES 

The literature reviewed by the writer mentions only three larval 
instars for each of these two parasites. In the course of the investi- 
gations recorded in this paper five larval instars were observed in 
each species. Accordingly, the following descriptions are presented, 
and the mandibles of the five instars are figured. 

LARVAL INSTARS OP OOENCYRTUS KUVANAE 

The first-instar larva of Ooencyrtus kuvanae is a small white maggot 
which, after hatching, is partly enveloped posteriorly with the remains 
of the eggshell. The body of the larva, indistinctly segmented 
beyond the fifth segment, tapers anteriorly from the fourth segment 
to the hemispherical head and posteriorly to the point of attachment 
to the hatched eggshell, where two open spiracles ma}^ be seen. After 
each molt the cast skin passes back to the posterior end of the larva 
and is retained, forming a shield covering the anal portion of the larva. 
The subsequent instars produce no great changes in the appearance 
of the larva except for the relatively shorter and stouter appearance 
it takes on with continued feeding. Just before pupation the last- 
instar larva becomes freed from the anal shield, which usually re- 
mains pressed against the inner surface of the eggshell of the host. 
There is no diflficulty in distinguishing the larvae of either of these 
species on the basis of mandibles alone, but a simple means of identi- 
fication of Ooencyrtus is the presence of the anal shield. 
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Figure 5 illustrates the differences between the larval mandibles of 
Ooeiicyrtus in the various instars In many instances it was possible 
to obtain the last four pairs of mandibles from one individualj but it 
was difficult to locate the mandibles of the first instar. The passage 
of the cast skins toward the posterior end of the larva takes place 
rather slowly, so it was possible to locate the mandibles of the second, 
third, and fourth instars in order on the body" of the larva from the 
anterior end of the anal sliield toward the head of the larva, which 
contained the last-instar mandibles. The first-instar mandibles were 
obtained from freshly'" hatched material. 

The first-instar mandibles are rather peculiar in shape. It is 
impossible to determine with a compound microscope the limits of 
the bases of the mandibles because they are colorless and exceedingly 
small, measuring but 0.0038 mm in length. The points of the man- 
dibles turn away^ from each other, differing in this respect from those 
of the succeeding instars. The average length of the mandibles meas- 
ured for each instar was 0.0138 mm for the second instar, 0.0207 mm 
for the third, 0.0276 mm for the fourth, and 0.0483 mm for the last. 
There is a gradual transition from the second-instar mandible, which 
presents an acute angle between the tooth and the base, to the last- 
instar mandible with its broad sweeping inner margin. From color- 
less first-instar and second-instar mandibles the change is gradual to 
a deep yellow last-instar mandible. 

LARVAL INSTARS OF ANASTATUS DISPARIS 

The first-instar larva of Anastatus is whitish and cylindrical,^ with 
a chitinized thimble-shaped head and a 13-segmented body which is 
broadest at the fourth or fifth segments and terminates in a bifurcate 
appendage. The body^ is rather densely clothed with spines and long 
sensoiy setae which are more numerous on the ventral portions. In 
the second instar the larva changes greatly in appearance. It loses 
the tegumentary spines and the bifurcate appendage, the head 
becomes more nearly spherical in outline, and the body appears rela- 
tiveljr shorter and stouter. There is little change in the appearance of 
the larva from tliis instar through the following instars except for the 
continued thickening of the body^, which in the last instar gives the 
larva a grublike appearance. 

The larval mandibles of Anastatus jjig, 6) are much larger and 
heavier than those of Ooencymtus. The mandibles of the first-instar 
larva, 0.0155 mm in length, are comma shaped, black at the distal 
end, becoming gradually lighter toward the base. The mandibles of 
the second-instar larva measure 0.0186 mm in length, those of the 
third instar ,0.0276 mm, those of the fourth 0.0379 mm, and those of 
the hibernating or last-instar larva 0.0583 mm. The mandibles of 
the second-instar larva are colorless, whereas those of the third instar 
take on a light-brown color, which is confined mainly to the distal por- 
tion. The color of the mandibles increases in depth in the remaining 
instars, becoming a conspicuous reddish brown in the hibernating 
larva. 


s The drawings of the mandibles of both species were made with the cover glass pressed down on a thin 
mount until all portions of the mandible, as far as possible, were in the same plane. All measurements 
were made in a straight line from the point of the mandible to the most distant visible point of the base. 
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SUMMARY 


In a large part of the New England area infested by the gipsy moth 
two imported hymenopterous parasites of the gipsy moth have be- 
come established. The first, Anastatus disparis Ruschka, is common 
in Europe and Japan, but the second, Ooencyrtus kwvanae (Howard), 
before its introduction into the United States was found only in Japan. 
From early observations made upon these parasites, it was suspected 
that there might be serious competition between them when present 
in the same locality. Since no attempts had been made to ascertain 
the interrelationships of these parasites, the writer conducted a series 
of experiments to determine the behavior of the two under conditions 
that would demonstrate competition if any were present. These 



Figure 5.— Larval mandibles of Ooencyrtus Figure fi.~Larval mandibles of Anastatus disparis: A, 

kuranae: A, B, 0, D, E, First, second, B, C, D, E, First, second, third, fourth, and fifth 

third, fourth, and fifth instars, respectively instars, respectively 


experiments represented conditions as they occur in nature, that is, 
host eggs subjected to attack by either species were available for 
attack by the other at all stages in the development of the parasite 
which first attacks. Because Anastatus adults are probably more 
numerous at the time of deposition of host eggs, the greater number 
of instances of competition would be those in which Anastatus at- 
tacked first and Ooencyrtus attempted to reproduce upon those eggs 
already occupied by Anastatus in the egg or larval stages. 

The experiments showed that there is little serious competition 
between the two parasites. Although Ooencyrtus females can attack 
a host egg containing Anastatus from the time that Anastatus is in 
the egg stage until it has become an early third -instar larva, it appears 
that Anastatus does not suffer from the attack. ^ An egg containing 
Ooencyrtus throughout its egg, larval, and pupal life is to some extent 

156376—33—3 
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susceptible to attack by AnastatiiSj but except for siic^cessfiil o^ii “ 
tion while Ooencyrtus is in the egg stage, which results m 
developing, neither of the parasites succeeds in completing cle\ i - 
ment. Since there is little conflict between the parasites in the same 
area under the conditions simulated in these experiments, the pi^ence 
of the two may be considered advantageous, for parashism by Uoen- 
cAntiis affords additional control to that effected by Anastatus. 
Anastatus, however, is the preferred parasite (1) because it is a sing e- 
generation parasite ha-\dng a hfe history \vhich comcides veiy c Y 
with that of the host itself and (2) because it hibernates ^ccessfu y 
in the area of New England infested by the gipsy moth. Ooencyrtus 
is multiple brooded and depends largely upon mfertile and knlou ho 
eggs for the early spring generation. It hibernates as an adult, an 
suffers great losses during the winter months. , 

In the course of the investigations it ivas noted that, contrary to tne 
general belief, there are five rather than thi^ee larval mstais in e 
case of both the parasites. Short descriptions of the given, 

and the larval mandibles of both parasites are illustrated. 



CATALASE ACTIVITY AND RESPIRATION IN THE 
LEAVES OF GROWING BARLEY ^ 


By Merritt N. Pope 

Agronomist, Division of Cereal Crops and Diseases, Bureau of Plant Indtistry, 
United States Department of Agriculture 

INTRODUCTION 

There has been some difference of opinion as to whether there is an 
association between catalase activity and respiration. In 1910 Apple- 
man {!) ^ noted a correlation between the two in the potato tuber 
and later (2) observed the same thing in potato tubers manipulated 
in various ways to modify respiration and in stem and seed ends of the 
same tuber. He found a similar correlation in stored sweet corn {S), 
and concluded that catalase activity is a fair index of the comparative 
intensity of respiration in the tissues of sweet corn and potato tubers. 
Mormaga {11), from studies of rice seedlings grown under differing 
conditions of aeration, concluded that there is a close positive con- 
nection between the two phenomena, and Burge (4) and Burge and 
Burge (5) are convinced, from studies of a number of organisms, that 
catalase activity is definitely associated with metabolism and with 
respiration in particular. 

Others, however, have not obtained such convincing results. 
Crocker and Harrington {6) found a positive correlation between 
respiration and catalase activity in seeds of Johnson grass {Sorghum 
halepensis (L.) Pers.) and probably in those of Arena fatua L. but not 
in Amaranthus seeds. Khme {13), working with germinating seeds, 
concluded that catalase activity is a measure of metabolism only when 
there is no rapid change in respiration. Lantz {10) did not find a close 
correlation between catalase activity and respiration in germinating 
corn of different chemical composition (high and low oil, high and low 
protein). 

The writer has demonstrated widely different degrees of catalase 
activity in different parts of the same barley {Ilordeum distichon) 
plaiit.^ The relationship between catalase activity and respiration in 
leaves of dift'erent age is shown in this paper. 

MATERIALS AND METHODS 

Plants of pure-line Hannchen barley, C. 531, growing in a green- 
house at the Arlington Experiment Farm, Kossl 3 m, Va. (near Wash- 
ington, D. C.), were tagged for identification. A daily growth record 
of each leaf, based on measurements from the soil surface to the leaf 
tips, was kept for several days before the experiment. For each 
experiment three plants were selected, the homologous leaves of 


1 Received for publication Mar. 25. 1932; issued February, 1933. 

2 Reference is made by number (italic) to Literature Cited, p. 40. 

3 Unpublished data. 

^ C. I. denotes accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. 
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which had made nearly equal growth. In these plants the developing 
spikes were small and still inclosed in the twelfth or boot leaf. From 
the first plant the six youngest leaves were removed, quickly weighed, 
and dried to constant weight at SO® C. at a pressure of approximately 
6 cm of mercury. The second plant was laid away in a moist towel 
until the respiration run was started, when its leaves were individually 
tested for catalase activity. The leaves of the thhd plant were used 
for measuring the rate of respiration. 

The respiration chamber was an Erlenmeyer flask of 125 c c capacity 
fitted with a 2-hole rubber stopper through which two glass tubes were 
passed, the upper ends projecting about 2 cm above the stopper. One 
of the tubes extended to within 2 cm of the bottom of the flask and 
the other only through the stopper. To the external ends of these 
glass tubes were fitted short pieces of rubber tubing with pinchcocks. 
The leaf to be investigated wms loosely rolled on the finger, tied with 
a small cord, and suspended in the flask by slipping the end of the 
cord under a rubber band around the long glass tube. The chambers 
were set up in series with alternating blanks. The train was sw^ept 
free of carbon dioxide, and 10 c c of nearly saturated barium hydroxide 
was introduced into each chamber thimigh the hole stoppered by the 
short tube. The flasks were then shaken gently in a rocker shaker in 
the dark. In experiment 1, shaking was continued for 21 hours, and 
in experiment 2, for 23 hours. Temperatimes ranged from about 24® 
to about 27® C. Blanks and respiration chambers were titrated alter- 
nately through the hole in the stopper, due precaution being used to 
prevent admission of atmospheric carbon dioxide. Titrations were 
made with 0.1362 normal hydrochloric acid, with phenolphthalein as 
an indicator. After the respiration run, the leaves were dried to 
constant weight and respiration rates were determined on both wet 
and dry weight bases. The slight error introduced by exposure to 
light and consequent assimilation during titration could not be 
determined. 

Catalase determinations were made on leaves of the second plant 
by using the apparatus previously reported {12). Each leaf was 
triturated to a thin paste with washed sand, powdered calcium 
carbonate, and a small quantity of water. Enough water was added 
to make a 1 : 50 dilution based upon the green weight of leaf tissue. 
Two cubic centimeters of the suspension (equivalent to 0.04 g of 
green tissue) was then shaken with 3 c c of hydrogen peroxide in 
experiment 1 and with 2 c c in experiment 2. The volume of oxygen 
liberated for a dry-matter content of 0.008 g was calculated by using 
the average percentage of diy matter in homologous leaves of the 
other two plants. 

EXPERIMENTAL BATA 

The respiration rates which are based on dry matter in the leaves 
after the run probably are somewhat high. (Table 1.) Homologous 
leaves were reasonably similar in growth rate, amount of dead tip 
tissue, and size of sheath and blade, and the data should be com- 
parable. 

The youngest leaf gave off carbon dioxide most rapidly. The 
quantity given off by the next older leaf was much smaller and 
dropped much more gradually to the fourth youngest. Carbon dioxide 
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evolution possibly was due in part to oxidation of dead tissues in tlie 
two oldest leaves. This factor may account for variability in that 
part of the curves. 

Table 1 . — Respiration and catalase activity in homologous leaves from similar plants 

of Hannchen barley 


^ EXPERIMENT 1 


Respiration as CO 2 

1 

Catalase activity as O2 ! 


given off per hour 

evolved 

in 5 min- 


per gram of— 

utes — 


Leaf No. 






Green 


For 0.04 g 

For 0.008 g 


weight 


green tissue 

dry tissue 


Mg 

Mg 

Cc 

Cc 

10_ 

0. 446 

4. 108 

4.89 

9.31 

9 

.302 

3.036 

7.24 

14. 51 

S 

.294 

2.801 

8.26 

14. 75 

J 7 

.262 

2.627 

7.42 

13. 26 

6 

.227 

2.683 

6. 77 

13, 35 

1 5 

i 

.264 

2.585 

4. 51 

7.82 

1 1 

1 EXPERIMENT 2 j 

i 12 

0.584 

5. 043 

5. 37 

8. 92 

i 11 

.338 

2.873 

11.74 

18. 67 

10 

.309 

2.403 

14.80 

22.81 

9 

.283 

2.266 

13. 22 

21.45 

8 

.285 

2. 587 

12.27 

21. 15 

7 

.243 

2.471 

10. 52 

19. 77 


In both experiments catalase activity was low in the youngest, 
most rapidly elongating leaf, but was much greater in the second 
youngest, wliich was elongating at about one-third the rate of the 
youngest, and was still greater in the next older. During senescence — 
indicated by greater length of dead leaf tip — catalase activity dropped 
off rapidly. Figure 1 gives a direct comparison between the respira- 
tion and catalase activity of homologous leaves on the two pairs of 
plants. 

DISCUSSION 

Hover and Gustafson (S, p. 5^) state that ^^as the leaves of corn, 
sorghum, wheat, and oats increase in age there is a decrease in rate of 
respiration; but that as the leaves become still older (past about 
middle age) the rate gradually increases.” Their data, however, show 
this conclusion to be fully justified only in the case of sorghum. In 
their experiments the oldest corn leaves at time of pollination showed 
a higher rate of respiration than the youngest; in oats both plants 
used showed a rise with age, and in one wheat plant the youngest leaf 
showed a lower rate than did the next older, whereas in the other 
wheat plant used the situation was reversed. 

In the present experiments it is assumed that the quantity of carbon 
dioxide given off is a measure of the respiration of the living tissues in 
the plant part. The results show a relatively high respiration rate for 
the youngest leaf of barley. There is a sharp decline in the curve to 
the next older leaf, after which the decrease in successively older 
leaves is much less, and at the fourth youngest leaf an approximate 
level is reached. This leaf had finished growth in length a week or 
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more before respiration was determined and bad died back about 2 cm 
at the tip. Leaves still older had still more dead tissue, and the shape 
and irregularities of the respiration curve probably can be explained 



PiGUEE 1. — Eespiration and catalase activity in '^homologous .leaves from similar plants of Hannchen 
barley: A, Experiment 1; B, experiment 2 

in part by the accumulation as age progresses of nonrespiring struc- 
tural and senescent tissues. Rate of respiration, highest in the young 
leaf, decreased rapidly with advancing age to a point where it prob- 
ably remained constant on the basis of living tissue. 
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Knott {9) found the youngest and oldest leaves of spinach and 
celery usualty low in catalase activity as compared mtli those of inter- 
mediate age. Ezell and Crist (7) found a significantly negative cor- 
relation between catalase activity and plant size in lettuce but not in 
radish or in spinach. 

In the experiments herein described catalase activity was relatively 
low in the youngest leaf of barley but increased in successively older 
leaves up to maturity. It then fell off rapidly with increasing 
necrosis of the oldest leaves. 

On comparing catalase activity and respiration (fig. 1) a negative 
correlation is found between the two phenomena for the three youngest 
leaves. In the older leaves the curves are irregular and the relation- 
ships less definite, since catalase activity appears to decrease as 
living material decreases in the tissues, and apparent respiration 
possibty includes the production of carbon dioxide by oxidation of 
dead tissues. 

Since in these experiments the only correlation discernible is nega- 
tive, and since positive correlations have been found in stored potato 
tubers and sweet corn (I, S), in germinating seeds (d, 

rice seedlings (d), it seems highly probable that in no case is the 
relationship causal. 

The nature of these insults, contrary to those of most investigators, 
raises the question of the significance of catalase activity. The 
writer has assumed that the total catalase activity of the sample can 
be measured by prescribed methods. This assumption is true only 
if the agency responsible is a by-product of metabolism or if it is some 
part of the metabolic machinery which remains relatively stable and 
is not used up in the process. If either of these hypotheses is correct 
it must be concluded from the contradictory nature of the experi- 
mental data available from this and other studies that there is no 
causal relation between respiration and catalase activity. 

On the other hand, the definition of catalase or catalase activity 
includes nothing but its reaction with hydrogen peroxide, which is the 
sole basis of its detection and determination. If this reaction occurs 
in normal tissues it is impossible to make an accurate determination of 
the agent producing it by shaking a tissue suspension with hydrogen 
peroxide, since the results then will be produced by the unused portion 
and will indicate the excess of catalase manufactured over that 
utilized. It is conceivable that respiration and total catalase pro- 
duced are positively correlated. In that case, in order to explain the 
results of these experiments it wnuld be necessary to assume that in 
barley leaves high respiration is associated with a proportionately 
greater consumption of the catalase-activating agency, leaving a 
determinable surplus actually smaller in amount than when respiration 
is low. 

SUMMARY 

The rate of respiration was high in young barley leaves and de- 
• creased in proportion to the rapidity with which the leaves matured. 

Catalase activity was low in young barley leaves and increased 
to a maximum at about the^ time of leaf maturity, after which it 
decreased with decrease of living material in the tissues, 

A negative correlation was found between respiration rate and 
catalase activity in homologous younger leaves of comparable barley 
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plants. In older leaves relationships were indefinite,, probably 
masked by increasing amounts of structural material and necrotic 
tissues. 

Since, contraiy to the results of other investigators, a negative 
correlation was found between catalase activity and respiration, it is 
highly probable that any correlation is fortuitous. 

Current methods of determination probably can measure total cata- 
lase activity oiilj if that phenomenon is a by-product of metabolism or 
has a function in the tissues other than the breaking down of hydrogen 
peroxide. 
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A METHOD FOR DETERMINING THE QUANTITY OF 
MINERAL OIL RETAINED BY LEAF SURFACES AFTER 
SPRAYING ‘ 

Lynn H. Dawsey', Assistant Chemist^ Insecticide Division, Bureau of Cheniis-' 
try and Soils; with the assistance of A. J. Haas, Jr., formerly Field Assistant, 
Division of Tropical, Subtropical, and Ornamental Plant Insects, Bureau of 
Entomology , United States Department of Agriculture 

INTRODUCTION 

Perhaps the most important factor to be considered in the study of 
oil emulsions as insecticides is the amount of oil deposited upon 
foliage and insects. The quantity of oil deposited on a unit area of 
leaf surface depends upon the concentration of oil in the emulsion, 
the hardness of the water used for dilution, the concentration of the 
emulsifier, the method of application, the time of spraying, and many 
uncontrollable factors which only roughly regulate the effectiveness 
of the preparation. Hitherto no accurate figures have been available 
which would indicate what amounts of oil are required to kill either 
trees or insects, though it is agreed that the mineral-oil constituent 
left behind after spraying is the toxic agent. This paper gives the 
results of experiments conducted to develop a satisfactorv^ method 
for the estimation of oil deposited upon foliage by spray emulsions. 

PRELIMINARY TESTS 

English,^ working with the leaves of Satsunia orange trees (Citrus 
nobilis unskm), recently reported a method which is stated to be 
satisfactory for the determination of the oil retained upon plant 
surfaces. In this method, however, the natural oils and waxes that 
were extracted from the leaves along with the mineral oil that had 
been applied amounted to about 30 per cent of the total, so that 
subtraction of the volume of these natural substances was necessary 
in order to ascertain the amount of mineral oil deposited during 
spraying. 

The first tests in the investigation reported here were made to 
determine the practicability of arriving at the quantity of oil retained 
by camphor leaves by finding the difference in the weights of indi- 
vidual leaves before and after spraying. Five leaves of camphor 
(Cinnamomurn camphoraf were detached from a garden tree at 
about 9 a. m. on June 13 and weighed at intervals to determine the 
losses due to evaporation. Table 1 gives the results. 

The preliminary tests (Table 1) showed that the leaves lost from 
14 to 26 per cent of their weight, owing to evaporation of moisture, in 
about eight hours. The conclusion was drawn that for this investi- 
gation the method of difference in weight of leaves could not be used, 
since the losses were of the same order of magnitude as the actual 
amounts of oil which might adhere to the surfaces. 


1 Recei%"ed for publication Apr. 6, 1932; issued February, 1933. 

2 English, L. L. method for determining the quantity of oil retained by citrus foliage after 
SPRAYING. Jour. Agr. Research 41 : 131-133. 1930. 
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Table 1. — Loss in iveight of camphor leaves hy evaporation 


Leaf No 3 j 

1 Initial weight i 

W'eiglit at end ; 
of 1 hour : 

W' eight at end 
of 2 hours 1 

! Weight at end 
j of 4 hours ! 

Weight at end 
of '8 hours 


Gram 

Per 

cent 

Gram 

Per 

cent 

Gram ■ 

Per 

cent 

1 

Gram 

Per 

cent 

Gram 

Per 

cent 

1 ' 

0. 5034 

100 

0. 4958 

98. 49 

0.4859 

96. 52 

0. 4664 

92. 65 

0. 4206 

S3. 55 

2-_ ! 

. 4090 

100 

.3934 

96. 19 

.3775 1 

92. 30 

.3536 

86. 45 

. 3023 

73. 91 

3«„.. 

.4450 

100 

.4329 

97.28 

.4185 j 

94.04 

. 3955 

SS. S8 

. 3419 

76. S3 

4« 

. 5S19 

100 

. 5691 

97.80 

.5515 i 

94.78 

.5218 

89. 67 

. 4663 

SO. 13 

5" j 

! . 5078 

100 

1 . 5018 

98. 82 

.4938 1 

97. 24 

-4759 

93. 72 

: .4358 

85. 82 


« Broken end dipped in paraffin. 


Analyses were then made to obtain, information concerning the vari- 
ation and the proportion of waxes or natural oils on camphor leaves. 
The determination of natural wax was made as follows: Samples, each 
consisting of 100 disks, were cut by a specially constructed die, similar 
to that described by Ginsburg,^ from leaves gathered at random. The 
diameter of the disks was 30 mm. The disks were placed in 200 c c 
Eiieiimeyer flasks, and 50 c c of ether was added. The flasks and 
contents were so rotated that the disks were washed thoroughly , but no 
liquid was lost. The first washing was filtered into a 125 c c Eiien- 
meyer flask. The extraction was repeated twice with two 25 c c 
portions of ether. After the last ether extraction the filter paper was 
washed repeatedly with 10 c c portions of ether to remove the wax 
left on it. The extractions and washings were evaporated to dryness 
under reduced pressure on a water bath, care being taken to prevent 
the liquid from reaching the cork stopper. The residue after evapora- 
tion was redissolved in 25 c c of ether and filtered again into a 50 c c 
flask which had been previously dried and weighed. In all cases in 
which a transfer of ether solution was made from one flask to another, 
the original container was washed out at least three times with pure 
ether, and the mouth wuis wiped with filter paper after each washing. 
The filter papers used for this purpose wm'e placed in the original flask. 
This procedure, which prevented the loss of the extracted substances 
b^y evaporation in pouring, was used throughout the work. The solu- 
tion in the 50 c c flask w^as evaporated to dryness under reduced 
pressure on a W'ater bath, and the flask w^as then removed, dried with 
a cloth while warm, and reweighed. The w^axy residue was calculated 
by the difi'erence in the w^eight of the 50 c c flask wEen empty and 
when containing the residue. 

The following figures show the variation in the amount of natural 
wax on camphor leaves as determined by this method : 


Sample No. 

VFeight 
of wax 

Sample No. 

W^eight 
of wax 

l.._, 

Gram 

0. 0413 
. 0362 

1 .0333 

.0391 
. 0352 

6 -- 

Gram 

0. 0331 
. 0356 
.0397 
.0383 
. 0351 

2 


3--. 

8 



9 - . 

5-- 

10 




The maximum variation from the average wms 12.6 per cent. 


s GINSBURG, J - M. AN APPARATUS FOR OBTAINING MEASURED AREAS OP SPRAYED POLI.iGE FOR CHEMICAL 
ANALYSES. JouF. AgT. Eesearch 36: 1007-1009, illus. 1928. 
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In view of the fact that oii would actually be present during the 
analyses which follow, it was thought adyisable to determine also 
what reliance might be placed on the figures representing the natural 
wax when the leaves were extracted in the presence of mineral oil. 
Accordingly, weighed amounts of Marcol oil were added to the sample 
prior to extraction, and these known weights of oil were subtracted 
from the total ether extract to obtain the values representing the wax. 
The results are given in Table 2. A maximum variation of about 30 
per cent from the mean was found. The residue of natural wax was 
solid at room temperature, and produced a solidified mass when mixed 
with even three times its weight of mineral oil. The presence of oil 
during the analysis tended to increase the differences in the values 
obtained for wax content of the samples. 


Table 2. — Wax extracted from camphor leaves with ether in the presence of oil 


Sample No. 

Weight of 
residue 

Weight of 
oil added 

Weight of 
wax by 
difference 

Sample No. 

Weight of 
residue 

Weight of 
oil added 

Weight of 
wax by 
difference 

11 

Gram 

0. 0605 1 
. 0744 1 
. 0723 ! 
. 0675 i 
. 0830 
. 0892 i 
I 

Gram 

0. 0164 
, 0348 
.0334 
.0291 
. 0463 
. 0521 

Gram 

0. 0441 
.0396 
.0389 
.0384 
.0367 
.0371 

17 

Gram 
0.0972 1 
,1101 i 
.1313 1 
.1465 i 
.1573 i 
.1753 

Gram 
0.0fj25 
.0817 
.1028 
.1194 
.1327 
.1443 ’ 

Gram 

0. 0347 

1 . 0284 

1 . 0285 

.0272 
. 0246 
. 0310 

12._.. 

IS - 

13 - 

I 19 

14 

i 20 ' 

15 

j 21- 

16 



1 — 


The variation in amount of natural wax obtained when extraction 
was made with chloroform in place of ether solvent in the method 
described above may be seen from the following tabulation : 


Sample No. 

Weight of 
wax 

Sample No. 

Weight of 
vvax 

23, ■ 

Gram 

0.0939 

.0955 

.1188 

;0916 

27 

Gram 

0. 0976 
.0896 
.0910 
.1151 

24 

28 

25 

29 ; 

26 

30 i 




These amounts are of the same order of magnitude as the amount 
of oil which might be actually retained by the leaves, and the varia- 
tion in wax content from sample to sample was proportionally large. 

On the basis of such results it was deemed necessary to introduce 
into the analytical procedure steps which would bring about the 
removal of wax and permit the quantitative recovery of the pure 
mineral oil. 

DETERMINATION OF OIL RETAINED BY CAMPHOR LEAVES 

The two additional steps introduced are contained in the following 
method: 100 disks of 3 0-mm diameter were cut from leaves picked at 
random to make a single sample. Weighed amounts of Marcol oil 
(about 100 mg) were added with the extraction ether to the different 
samples. Each sample was washed for 1 minute with 50 c c of ether; 
as in the preceding method for the determination of -wax, and then 
washed twice with 25 c c portions of ether to remove the last traces 
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of oil. The ether extractions were poured into a 125 c c Erlennieyer 
flask and evaporated to dryness without filtering*. The residue was 
dissolved at room temperature in a mixture of ether and absolute 
alcohol (1:1). On standing, a clear solution resulted. This was 
cooled to C. for 15 minutes or until wsxj flakes precipitated. 

The precipitated wax together with undissolved dirt, etc., was then 
filtered through a suction funnel surrounded with a 22 per cent 
sodium chloride constant-temperature mixture maintained at about 
— 20° by small pieces of solid carbon dioxide (fig. 1) into a.nother 
clean 125 c c Erlennieyer flask t The precipitated wax caught on the 
cold filter was washed three times with 10 c c portions of alcohol-ether 
mixture previously cooled down to —30°. The clear filtrate and 
washings were evaporated to about 10 c c and transferred by means 
of a funnel to a previously calibrated Babcock skim-milk bottle. 





The 125 c c Erlennieyer flask was then washed three times with 5 c c 
portions of ether. The washings were poured into the Babcock 
bottle, care being taken to prevent loss by evaporation. By placing 
the forefinger over the mouth of the Babcock bottle and immersing 
the bottle in hot water the ether was made to evaporate through the 
capillary. 

To the oily residue then in the Babcock bottle was added 6jc c (a 
few drops at first) of concentrated nitric acid (specific gravity|1.42), 
which initiated a violent reaction, partly destroying the unsaturated 
compounds and chlorophyll. The mixture, which consisted of acid, 
oil, and some partly destroyed^ organic matter, was raised to the boiling 
point by immersing the bottle in boiling water. After several agitations 
by hand, and after the oily layer appeared to be clear, the bottle was 

< For the method of determination of paraffin, see the following puhlication: Holde, D. the examina- 
tion OP HYDKOGARBON OILS, AND OF SAPONIFIABLE FATS AND WAXES. Authorized transl. from German 
ed. 5, by E. Mueller. Eng. ed. 2. p. 108-109, New York. 1922. 
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filled to the neck with concentrated nitric acid and then centrifuged. 
The length of the column of oil was measured at room temperature by 
means of calipers equipped with a yernier permitting measiirements.to 
the nearest 0.1 mm. The skim-milk bottles of different sizes were 
calibrated by introducing mercury into the capillaries, measuring the 
length of the mercury column, recording the temperature of the air in 
the vicinity of the bottle, and calculating the volume per millimeter of 
length of each capillary. The specific gravity of the oil, which was 
determined to be 0,8447 at 15.5° C., was corrected 0.00061 per 
degree between 15.5° and room temperature, before converting the 
volume of oil measured into mass. The oil was clear and ran freel'y, 
but in some cases about 1 or 2 mm of solid matter not completely 
destroyed b\’ the nitric acid came up into the capillaries. In such 
cases this wax or solid matter was measured as oil, since better results 
were so obtained. The oil used in all analyses was known to contain 
97 per cent unsulphonatable matter. Blank tests showed, however, 
that the oil was not attacked by concentrated nitric acid under the 
conditions of these experiments, and correction for loss in oil due to 
the action of hot nitric acid was not .necessary. Determinations of the 
oil in blank samples (containing no leaf waxes) agreed with the weights 
of oil taken, within 0.1 per cent, which was about the limit of error in 
observation, showing the calibrations also to be exact. 

Table 3 shows the results obtained by this method in the deter- 
mination of nine samples of oil that had b'^een added to nine samples of 
camphor leaves. The error is comparatively large in the first four 
samples because the technic was not yet perfected. 

Table 3. — Recovery of oil previously added to samples of camphor leaves 


(100 disks per sample, 3 cm diameter) 
FIRST SET 


Sample No. 

Length of 
oil col- 
umn 

Volume per 
millimeter 
of capillary 

j 

Weight of 
oil added 

Calcu- 
lated 
weight of 
oil re- 
covered 

Error 

31 i 

Mm 

76.1 

89.0 

57.7 

77.8 

Cc 

0.001552 

.001477 

.001616 

.001552 

Gram 

0.1004 

.1121 

.0803 

.0998 

Gram 

0. 0995 
.1105 
.0784 
. 1017 

Per cent 
-0.89 
-1.43 
-2.36 
+1.90 

32 

33 ^ 

34- 



SECOND SET 


35 

59. 5 

0. 001616 

0. 08a5 

0. 0806 

+0.12 

-.50 

36 - 

75.3 

. 001577 

.1000 

.0995 

37 - 

81.3 

.001609 

. 1107 

.1102 

-.45 

38 — 

76.3 

.001552 

.1004 ! 

.1003 

-.10 

39 — - 

89.0 

.001477 

. 1121 

.1105 

-1.43 



DETERMINATION OF OIL RETAINED BY PECAN LEAVES 

That the method outlined above is also applicable to the determina- 
tion of oil retained by pecan (Hicoria pecan) foliage following spraying 
is shown by the results in Table 4. No changes in the camphor-leaf 
method of determination were made except to heat the Babcock 
bottles, after nitric acid was added, to a temperature slightly higher 
than that used in the determination of oil on camphor leaves, in 
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order to destroy completely the acid-soluble wax. ' ■ The bottles wep 
heated and agitated directly over an electric heater until the acid 
began to boiL 

Table 4. — Recovery of oil preinously added to samples of pecan leaves 
(100 disks per sample, 3 cm diameter) 


Sample No. 

I Length 

1 of oil 

1 column 

Volume per 

1 millimeter 
of capillary 

Weight 
of oil 
: added 

1 

1 Calcu- 
lated 
weight of 
oil re- 
covered 

Error 

1 

Mm 

77. 5 

^ Cc 

\ 0. 001616 

Gram 

0. 1057 

Gram 

1 0, 1051 

Per cent 
—0, 57 

2 - 

66.2 

' . 001609 

.0891 

! . 0894 

+. 34 

3 -J 

66.0 

. 001577 

.0871 

. 0875 

-t-. 46 

4 

84.5 1 

.001477 

.1052 

.1048 

-.38 

5 

70.5 1 

. 001464 

. 0876 

. 0868 

-.91 

6 - ^ 

63.5 1 

, 001616 

. 0875 

. 0868 

-.80 


70.5 

1 . 001609 

! . 0963 

. 0954 

i -.93 

8 : ' 

56.6 

; . 001477 

. 0698 

.0702 

-f . 57 

9 

78.1 

! .001616 

. 1056 

! . 1060 

-f.38 

10 

57. 0 

.001577 

. 0755 

. 0756 

+. 13 



DETERMINATION OF OIL RETAINED BY SATSUMA ORANGE 

LEAVES 

As the application of the preceding methods to the determination 
of oil retained on Satsuma oi'ange leaves was not successful, modifi- 
cations were necessary. In preliminary tests, about 15 per cent of 
the oil added to the samples could not be recovered, as it was retained 
upon the disks after extraction and also upon the cold filter with the 
precipitated waxes. The first difficulty was avoided by extracting 
the leaf disks four times with 50 c c portions of ether instead of with 
one 50 c c portion and then with two 25 c c portions. As a matter 
of fact, 25 c c would not completely cover the disks. Though it 
was feasible to pass the cold extractions from the pecan leaves and 
the extractions from the camphor leaves, in a 1:1 alcohol-ether sol- 
vent, dhectly through the cold filter without previously filtering out 
dirt, scales, and other residue insoluble in ether, the same impurities, 
in the case of orange leaves, had to be filtered out immediately after 
extraction. It was found that such foreign matter promoted the 
occlusion of mineral oil in the wax precipitated later. With these 
precautions the error was reduced to about 7 per cent, but the results 
were far from satisfactory. 

In order further to determine the optimum conditions under which 
a complete separation of natural wax and oil could be attained with 
Satsuma orange leaves, several additional trials were made in which 
the composition of the solvent used in freezing out the waxes and the 
temperature of the freezing bath were varied. Table 5 shows the 
results from some of these tests. 

The results of the trial tests showed that a ratio of 20 c c alcohol to 
10 c c ether gave the most effective solvent in which to precipitate the 
wax regardless of the temperature of the freezing mixture, whereas 
the optimum temperature of the freezing mixture was between 
— 6'^ and —10^ C. Above this temperature wax insoluble in nitric 
acid passed through the filter, and below it oil was retained on the 
filter with wax. Constant-temperature freezing mixtures were ob- 
tained by mixing different proportions of brine with water, and con- 
stant temperature was maintained by the use of solid carbon dioxide. 
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Table 5. — Recovery ^ of oil 'previously added to sampler of Satsiima orange leaves, 
■using different alcohol-ether mixtures at different temperatures 

(75 disks per sample, 3 cm diameter) 

FIRST SET 


Sample No. 

Volume 
of alcohol 

Volume 
of ether 

Temper- 
ature of 
precipi- 
tation 

Weight 
of oil 
added 

1 Calcu- 
! lated 
weight of 
oil re- 
covered 

Error 

1 

Cc 

5 

Cc 

15 

°C. 

-20 

Gram 

0. 0835 

Gram 

0.0688 

Per cent 
-17. 6 

2 - -- 

10 

10 

-20 

.0655 

.0554 

—15. 4 

3 . 

16 

10 

-20 

. 0680 

. 0640 i 

-5.9 

4 

20 

10 

-12 

.0701 

.0654 

- 6. 7 


20 

10 

-6 

. 0665 

.0660 

-.75 




SECOND SET 


j 

6 

10 

i 

15 

1 

-20 

.0698 

1 . 0640 ^ 

-S. 31 

7 1 i 

15 

10 

-20 

. 0647 

.0627 ; 

-3. 09 

8 - 

20 

5 

-20 

.0679 

. 0634 

-6. 63 




THIRD SET 


20 

10 

-8 

.0630 

.0629 

-.15 

20 

10 

-8 

.0641 

.0635 

-.94 

20 1 

10 

-8 

. 0652 

. 0643 ! 

-1.38 


The order of magnitude of error involved in the determination of 
oil on Satsiima orange leaves under the optimum conditions maj^ be 
seen from Table 6. Because it was impossible to recover all the oil, a 
correction of 1.5 per cent has been added. In general this correction 
gave better values. It would therefore be necessary in the analysis of 
unknown samples to add such a correction to the results. Even then 
a maximum error of 2.5 per cent is possible. 


Table 6 . — Recovery of oil previously added to samples of Satsuma orange leaves 
tinder optimum conditions 

(75 disks per sample, 3 cm diameter) 


Sample No. 

Length of 
oil col- 
umn 

Volume per 
millimeter i 
of capillary 

Weight of 
oil added 

Calcu- 
lated 
weight of 
oil re- 
covered 

Error 

12 

Mm 

44.0 

Cc 

0.001616 

Gram 

0. 0617 

Gram 

0. 0606 

Per cent 
-1. 78 

13 

47.0 

.001609 1 

.0630 

.0645 

+2. 38 

14 

52.0 

.001616 1 

.0706 

.0716 

+1.42 
' +1.52 
-1.28 

15 

53.0 

.001477 

.0657 

.0667 

16_. 

50,4 

.001616 i 

. 0702 

. 0693 

17. 

52.0 

.001578 

. 0686 

.0700 

+2. 04 
-1.65 

18... 

47. 7 

.OOlOOil 

. 0666 

.0655 

19 .! 

54.3 

. 001477 

.0700 

.068;L 

-2.43. 

20 1 

50.5 

.()0146:i 

.0641 

.0630 

-1. 72 

21,..._. ' 

47. 0 

. 001809 

.0657 

.0645 

-1.83 



DISCUSSION 

Before analyses of the type referred to are made, it is believed 
desirable to run a number of check samples in which the quantity of 
oil is known, in order to secure the correct working conditions and 



48 


Journal of Agricultural Eesearch 


Vol. 46, No. 1 


technic. Naturally the methods, as given, are not applicable to the 
determination of iim^efined oils (containing a relatively small propor- 
tion of iinsiilphonatable compounds) unless it can be shown that 
nitric acid either destroj's a constant known percentage of the oil 
under consideration or does not attack the oil at all, as was the case in 
the present investigation. Although most oils used in spraying^ do 
contain appreciable amounts of unsaturated compounds, it is possible 
to select such refined oils in the study of the ph^'sical characteristics 
of emulsions as will not necessitate taking into account the action of 
nitric acid on the oil. 

To illustrate one of the countless uses to which information con- 
cerning the retention of oil by trees may be applied, the following 
example is cited. It shows how the amount of oil deposited on cam- 
phor trees sodium oleate emulsions containing different amounts 
of emulsifier changes with the concentration of the emulsifier. Six 
groups of nursery trees about 6 feet high, three trees to the group, 
were sprayed on August 10 with six different emulsions, trees of each 
group being sprayed with the same emulsion. In all six emulsions 
the concentration of Marcol mineral oil was constant (1.6 per cent), 
but the concentration of sodium oleate was different. Distilled "water 
was used in the preparation and dilution. The soap was prepared 
directly from U. S. P. oleic acid and sodium hydroxide. A recently 
developed method^ for spontaneously dispersing oil in w^ater which 
obviates prolonged agitation was "emplo^md. After spraying, a 
sample of leaves wms collected from each tree, three samples for each 
emulsion. The data in Table 7 are self-explanatory in respect to the 
number of leaf disks which composed the samples, the amount of 
soap contained in each emulsion, and the oil recovered. 


Table 7. — Oil retained on camphor leaves after spraying ivith emulsions of different 

concentrations 


Group 

Emulsion 

No. 

Normal- 
ity of 
soap 

xio^ 

Leaf 

disks 

per 

samxde 

Weight 
of oil 
found 

Grams oil 
per Cm2« 
of leaf'* 
X105 




Number 

Gram 



[ 1 

i 


[ 0.0708 

10. 01 

1- 

•' 2 

;• 29.8 

100 

. 0713 

10. 08 


i 3 

i 


1 . 0720 

10. 18 


i 1 




. 1030 

14. 56 

‘7 


^ 24. S 

100 

• 

. 1010 

14. 28 


1 3 

I 



. 1075 

15. 20 


f 1 

] 



. 1063 

20. 05 

3 J 

‘1 2 

[ 17. 3S 

75 


. 1078 

20. 33 


1 3 




. 1030 

19. 42 


f 1 




.1143 

21. 55 

4 .-.-4 

i *> 

i 12. 40 

75 


.1085 

20.46 


i 3 

) 



.1228 

23. 16 


i 1 




. 0854 

24.16 

5 

< 2 

i 7.44 

50 


. 0843 

23. 85 


! 3 

! 



.0826 

23. 37 


!' 1 

] 



.0428 

24. 21 

6 


;• 3.72 

25 


. 0432 

24.43 


1 : 3- 

j ' 



.0418 

23.65 


a Cm2 is the abbreviation for square centimeter recently adopted by the Style Manual for IT. S. Govern- 
ment Printing Office. 

1 em2 & of leaf ==2 cm^ actual leaf surface, therefore if concentration of oil on leaf surface is considered, 
the results in this column should be divided by 2. 

^ An account of this method has not yet been published. These emulsions are comparable in physical 
properties to emulsions prepared by the usual methods and possess several advantages over them. 
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From the data in Table 7 ^a curve has been plotted showing the 
variation in oil deposited with changing emulsifier concentration. 
(Fig. 2.) 

SUMMARY 

The cj[uantity of naturally occurring waxes extracted from camphor 
leaves by ether and by chloroform has been shown to vary in different 
samples with equal areas of leaf surface. 

A method is given for the determination of the quantity of paraffin 
mineral oil retained by camphor leaves after spraying. The oil is 



ip/z (G£A/fs /2f/e c£//r//f£rs^ 


Figure 2. — Eelation betweeii emulsifier concentration and amount of 
oil deposited 

recovered from the leaves in its original form, and the amount is 
measured volumetrically in calibrated Babcock skim-milk bottles. 

By introducing certain variations the method is applicable to pecan 
leaves and Satsuma orange leaves. The maximum error in deter- 
mining oil on pecan leaves was less than 1 per cent; on camphor leaves 
and Satsuma orange leaves it was less than 2.5 per cent. 

An example is given illustrating the use of the method in estimating 
oil retained by camphor-tree foliage that had been sprayed wdth 
emulsions. 

156376—33 4 




DIFFERENCES IN THE AMINO ACID CONTENT OF THE 
CHIEF PROTEIN (GLYCININ) FROM SEEDS OF SEVERAL 
VARIETIES OF SOYBEAN' 


By Feank a. Csonka, Senior Chemist^ and D. Bbeese Jones, Principal Clu7nist , 
Protein and Nutrition Division^ Bureau of Che^nistry and Soils, U^iited States 
Department of Agriculture 

INTRODUCTION 

The enormously increased production of soybeans {Soja max) in 
the United States during recent years has emphasized them impor- 
tance as an economic crop. A large proportion of the seeds produced 
are used as a source of oil, and the press cake which is obtained as a 
by-product is ground and sold as soybean meal. 

Soybean meal is recognized as one of the best protein concentrates 
for stock feeding. It has been amply demonstrated, both by experi- 
mental studies in the laboratory and by the practical feeding of farm 
animals, that the proteins of the soybean have a high nutritive value. 

Proteins differ widely in their nutritive value, depending chiefly on 
the quantities of certain amino acids which they yield on digestion. 
The chief proteins of some of our most important foodstuffs are 
deficient in one or more of the so-called nutritionally essential amino 
acids. Classic examples are zein from corn, deficient in lysine and 
tryptophane, and gliadin from wheat, deficient in lysine. Phaseolin, 
the chief protein of the navy bean, is deficient in cystine. It has 
been shown in previous publications from this division that the 
proteins of several other legume seeds, including the Lima bean, 
mung bean, velvetbean, adzuki bean, lentil, and cowpea, are lilvewise 
deficient in cystine. The soybean protems, on the other hand, 
have been generally considered to contain adequate amounts of all 
the known essential amino acids. Mitchell and Smuts (S) ^ however, 
have recently reported that soybeans are rather low in cystine content. 

The unusually wide range of differences in the characteristics of 
several soybean varieties has raised the question whether there may 
be a difference in the nutritional value of the protein of different 
varieties. In the case of the proteins of wheat, it is known, for 
instance, that gliadin and glutenin obtauied from different varieties 
and classes of wheat have the same chemical composition. It is 
equally well known that different classes of wheat, and wheat grown 
in difterent environments, vary not only in their total protein content 
but also in their ratio of gliadin to glutenin. These two protems, 
however, irrespective of the quantity or the ratio of each in the wheat, 
have always been found to have practically the same composition. 
Because of the lower nutritional value of gliadin, a variety of wheat 
having a high ratio of gliadin to glutenin would have a lower protein 
value than a variety which had a higher proportion of glutenin. 


1 Beceived for publication Apr. 6, 1932; issued February, 1933. 

2 Beference is made by number (italic) to Literature Cited, p. 55. 
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Similarly, soybeans, lilve most other seeds which have been investi- 
gated, contain several proteins which differ in chemical composition. 
Any difference found in the protein nutritional value of one variety 
over that of another would, therefore, be explainable on the assump- 
tion that these proteins occur in different proportions in the different 
soybean varieties. Information relative to possible differences in 
the nutritive value of various varieties from this standpoint would 
be of importance in the selection of varieties grown for the production 
of seed intended for use as a food or feed. The investigation described 
in this article was undertaken with the object of obtaining data on this 
question. 

Protein concentrates as generally used for feed are not fed as the 
sole source of protein in the ration, but as supplements to other feeds 
having a lower protein content. It is important, therefore, that the 
proteins of the concentrates contain not merely enough of the essential 
amino acids to supply the nutritional requirements of the animal, but 
that they have even more, so that the excess may be available to 
compensate for possible deficiencies in the other protein-containing 
ingredients of the diet. 

Osborne and Campbell (7) found that the chief protein of soybeans 
consists of a globulin which they named glycinin. This protein 
amounted to 16.6 per cent of the meal. Evidence was also found of 
the presence of a second globulin, wliich was more soluble than gly- 
cinin and which could be obtained from the solution from which gly- 
cinin had separated on dialysis. In addition to these two globulins 
there was isolated a legumelin, amounting to about 1.5 per cent of 
the seed, and a small quantity of proteose. 

Glycinin, representing the globulin fraction obtained by dialyzing 
a saline extract of soybean meal, has been generally considered an 
individual protein. It constitutes the greater part of the total pro- 
tein content of the soybean. Unpublished data recently obtained in 
this division indicate that glycinin thus prepared is not a single pro- 
tein, but that it consists of at least two globulins. Furthermore, in a 
comparative study of the isoelectric points of different proteins, 
Csonka, Mimphy, and Jones {!) found that glycinin was one of the 
few globulins studied wliich showed a de^fiation from the narrow 
range in isoelectric points characteristic of globulins as a class. This 
further supports the conclusion that glycinin is not an individual 
protein. 

In the wmrk here reported it was decided to limit the study to analy- 
ses of glycinin preparations similarly obtained from the different varie- 
ties. The ideal way would have been not to select any one protein or 
group of proteins, but to apply the analyses to the total protein con- 
tent of the soybean. Amino acid determinations, however, can not 
be made even with approximate accuracy on the whole seed but must 
be made on the isolated proteins, therefore, the protein fraction 
selected for study^ was that which represents the greater part of the 
total protein of the soybean and which can most readily be isolated. 

Of the three amino acids determined in the several glycinin prepa- 
rations, cystine and tryptophane are known to be nutritionally essen- 
tial. The percentages of these amino acids in the glycinin prepara- 
tions can therefore serve as criteria of importance in a consideration 
of the relative nutritive value of the proteins of the different soybean 
varieties. 
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MATERIAL AND METHODS 

The soybeans used in this investigation were supplied by the divi- 
sion of forage crops and diseases of the Bureau of Plant Industry, and 
the varieties were selected on the merit of their widespread popularity 
among the soybean growers of the United States. The samples were 
obtained from localities in wliich the environmental conditions were 
known to be suited for the optimum growth and development of the 
varieties studied. The characteristics of these varieties are described 
in a recent publication by Morse (6). 

The soybeans were ground to a meal, and the fat was removed by 
extraction with ether. The fat-free material was then extracted with 
10 per cent sodium chloride solution. The saline extract was filtered 
by suction through a mat of filter-paper pulp, and the clear filtrate 
was dialyzed for 10 to 14 days. The glycinin wliich separated on 
dialysis was removed by centrifugation and washed several times with 
distilled water. It was finally dehydrated in the usual way with ethyl 
alcohol followed by ether. 

Cystine, tyrosine, and tryptophane were determined in the different 
gtycinin preparations by colorimetric methods. The method of Folin 
and Ciocalteu {2) was used for the tyrosine determination, that of 
Sullivan (8) for cystine, and May and Pose’s method (4), with slight 
modification, for tryptophane. The maximum color development in 
the tryptophane determinations occurred after the casein standard 
and the glycinin sample had stood for five days at 38° C. The results 
of the analyses are given in Table 1. 


Table 1. — Tryptophane j cystine^ tyrosine^ and nitrogen content of glycinin prepared 
from diferent varieties of soybean seed expressed in percentages of moisture and 
ash-free protein 


Variety 

Color of 
seed 

Tryp- 

to- 

phane 

Cys- 

tine 

Tyro- 

sine 

Ni- 

tro- 

gen 

Variety 

Color of 1 
seed 

Tryp- 

to- 

phane 

Cys- 

tine 

Tyro- 

sine 

Ni- 

tro- 

gen 

Peking 

Black 

2. 03 

0.81 

3. 94 

17. 19 

Mammoth i 

Straw yel- i 

1.89 

0. 92 

4. 44 

17.20 

Illini 

Straw yel- 

2. 84 

.74 

4. 55 

17.74 

Yellow. 

low. 






low. 





Haberlandt . 

„_do- -! 

2.24 

.98 

4. 02 

17. 13 

A. X - 

__^do 

2. 26 

1.17 

4.38 

17.41 

n unfield 

do 

2.20 

.98 

4. 26 

17. S7 

Manchu 

do ! 

2.36 

1.45 

4.36 

17.28 

Dixie 

do 

2. 16 

.93 

4. 22 

16. 60 

Virginia 

Brown i 

2. 28 

.95 

4.49 

17. 43 

Chiquita 

--.do : 

1.94 

1.46 

4.31 

17. 16 


RESULTS OF ANALYSES 

Although the differences found in the percentages of tryptophane 
and cystine in the glycinin preparations obtained from the soybean 
varieties studied are not great on the whole, some differences were 
found which are greater than can well be attributed to experimental 
error involved in the analytical procedures employed. Tryptophane, 
cystine, and tyrosine values determined on the same protein by the 
colorimetric methods used, particularly when the determinations are 
carried out by the same person under as nearly as possible identical 
conditions, may be expected to be within a limit of error of 2 to 3 per 
cent. The tryptophane values found range from 1.89 per cent for 
the Mammoth Yellow variety to 2.84 per cent for the Illini variety, a 
difference of nearly 1 per cent. The difference in tryptophane content 
between the Illini variety and the other varieties studied is great 
enough to be of nutritional significance. 
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The cystine Yalues, on the other hand, range from 0.74 per cent for 
the mini yariety to 1.46 per cent for the Chiqiiita variety, a difference 
of 0,72 per cent. The Chiqiiita and Manchu varieties contain 
significantly higher percentages of C3^stine than the other varieties. 
It is of interest to note that of the varieties studied, the Illini variety, 
which contained the highest percentage of tryptophane, contained 
the lowest percentage of cystine, and that the Chiquita variety 
contained the highest percentage of cystine, hut was among the 
lowest in tryptophane. The Peking and Dixie varieties were low in 
both cystine and tryptophane. 

The cystine and tryptophane values found for the glycinin fraction 
of the soybeans studied are of significance from the standpoint of 
practical feeding. The Illini variety, because of its higher trypto- 
phane content, should prove to be more valuable than the other 
varieties as a supplement to feeds, such as corn and oats, which are 
low in tryptophane. Feedstuffs which are deficient in cystine, such 
as cowpeas, lentils, and peas, should benefit more b}^ supplementation 
with Chicjuita and Manchu soybeans than with the Peldng and Illini 
varieties, which contain only about one-half as much cystine. 

In considering the application of the values found for these two 
nutritionallly essential amino acids to problems related to the feeding 
of soybeans, it must be remembered that the determinations were 
made on glycinin, and that, therefore, the values may not be quite 
typical of" the total protein content of the seed. There are proteins 
other than glycinin present in soybeans concerning the composition of 
wliich we have little knowledge. It is possible that the tryptophane 
and cystine content of these proteins may be quite different from that 
of glycinin. In view of the fact, however, that these proteins are 
present in relatively small quantities, it is not probable that they 
affect much, one way or the other, the amino acid value of the whole 
soybean seed. 

The glycinin preparations obtained from the different varieties 
agree closely in their nitrogen content with the exception of that of 
the Dixie and Illini varieties, the former containing the highest and 
the latter the lowest percentage of nitrogen. There is no apparent 
correlation between either the nitrogen and amino acid content of the 
different glycinin preparations or between the quantities of the three 
amino acids. As pointed out in a preceding paragraph, glycinin is 
probably not an individual protein but represents a mixture of two 
or more globulins. These globulins imdoubtedly differ in their chemi- 
cal composition. The variations foimd in the amino acid percentages 
obtained from the several varieties studied are then easily explainable 
on the ground of variations in the relative proportions in which the 
different globulins comprising the glycinin fractions are present in the 
different varieties of soybeans. 

DISCUSSION 

In view of the fact that the different varieties of soybeans studied 
were not grown in the same localities, it is recognized that the differ- 
ences found in the amino acid content of the glycinin preparations 
obtained from them are not necessarily characteristic of the varieties 
but may be^ due to the effect of external environmental conditions. 
Some varieties grow best in a warm climate, others do better m a cool 
climate. 
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The soybeans studied were gvown in localities best suited for the 
growth and culture of the particular varieties. A large part of the 
total production of these varieties in the United States is located in 
those sections from which the samples analyzed were obtained. It is 
therefore believed that the results here presented are representative 
of these varieties as they are found on the market, and that, therefore, 
they have a greater value to the producer and consumer than if the 
different vazieties had been grown in one place under identical 
environmental conditions. 

The oil extracted from the soybeans used in this investigation has 
been studied by the Oil, Fat, and Wax Laboratory of this bureau, and 
the results are presented in another paper (3). 

SUMMARY 

The results of colorimetric determinations of cystine, tryptophane, 
and tyrosme in glycinin preparations obtained from 10 different 
varieties of soybeans are reported. 

The percentages of cystine, tryptophane, and tyrosine found for 
most of the varieties studied are in fairly close agreement. Differ- 
ences between some varieties were found, however, which are greater 
than can well be attributed to experimental error involved in the 
analytical procedures employed. Tryptophane values ranged from 
1.89 per cent for the Mammoth Yellow variety to 2,84 per cent for 
the Illini variety. The cystine values ranged from 0.74 per cent for 
the Illini variety to 1.46 per cent for the Chiqiiita variety. 

The divergencies found in the amino acid content of the different 
glycinin preparations are explainable on the ground of variations in 
the relative proportions in which the different globulins comprising 
the glycinin fractions are present in the different varieties of soybeans. 

The significance of the variations is discussed from the standpoint 
of nutritional value. 
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OIL CONTENT OP NINE VARIETIES OF SOYBEAN AND 
THE CHARACTERISTICS OF THE. EXTRACTED OILS ^ 


By G. S. Jamieson, Senior Chemist, W. F. Baughman, Associate Chemist, and 
B. S. McKinney’, Assistant Chemist, Oil, Fat, and Wax Laboratory, Bureau of 
Chemistry and Soils, United States Department of Agriculture 

It was considered of interest to determine the oil content of several 
varieties of soybean (Soja max) used in the protein investigation 
reported in another paper, ^ and to ascertain the more important 
chemical and physical characteristics of the oils extracted. 

The oil content of the beans was determined in the usual manner 
by extraction with petroleum ether, but the oils upon which the char- 
acteristics were determined were obtained by ether extraction, because 
this solvent was preferable to the other for the preparation of the 
ground beans in the protein investigation. In the case of soybeans, 
however, there is little difference in the quantities of nonoil constitu- 
ents extracted along with the oil by the use of either solvent. The 
ether was removed as completely as possible by distillation, and the 
remainder was removed by heating the oils in an oven in an atmos- 
phere of carbon dioxide, at a temperature of about C. until a 
constant weight was obtained. The results are given in Table 1. 

Table 1. — Chemical and physical properties of soybeans and their oils°' 


CHEMICAL AND PHYSICAL CHARACTERISTICS OF OILS 


Item 

Dun- 

field 

Man- 

chu 

Haber- 

landt 

Vir- 

ginia 

Chi- 
quita ' 

Mam- 
moth 
Yellow j 

Peking 

mini i 

A. K. 

Specific gravity-_.25®/25® C__ 

Refractive index at 20° C 

Acid value 

0. 9216 
1.4748, 

0.9218 

1.4749 

0. 9196 
1.4745 

0. 9198 
1. 4743 

0.9245 

1.4763 

0. 9224 

1. 4748 




1. 4763 
1.4 
190. 0 

1.10 

141.4 

1. 4749 
1.5 
189.9 

.86 

131.3 

1. 4756 
1.6 
190.9 

.89 

132.6 

Saponification value 

Unsaponifiable matter 
percent-- 

191. 2 

.73 

131.4 

84.1 

12.6 

80.4 

162. 6 

191.6 

.88 
131. 0 

82.2 

11.9 

80.9 

161.5 

191.6 

.80 

131. 6 

82.2 

12.5 

SO. 2 

162,1 

191. 5 

1. 08 

127.8 

81.4 

1 12.5 
! 80.1 

157.8 

191.1 

.85 

140.7 

87.0 
1L7 

81.0 

172.4 

191. 7 

.85 
129. 4 

83.4 

11.7 

80.8 

159. 1 

Iodine number (Hanus) 1 

Thiocyanogen-iodine num- 
ber- 

Saturated acids--— jier cent-- 
Unsaturated acids-per cent . _ 
Iodine number of unsatu- 
rated acids (calculated) — 











i 



MOISTURE CONTENT AND OIL CONTENT OF BEANS 


Aloisture 

per cent-- 

5. 87 

5.62 

5. 40 

6.46 

7.24 

6. 93 

5.61 

7.30 

6.00 

Oil 

per cent-- 

18. 86 

18.12 ; 

18. 37 

19. 13 

16.79 1 

15. 61 

17. 98 

19.28 

1 i 

21.85 


“Analyses of beans and oil were made by R. S. McKinney and W. F. Baughman, oil, fat, and wax lab- 
oratory. The oils were extracted by ether so that the proteins could be investigated, 

1 Received for publication Apr. 6, 1932; issued February, 1933. 
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It will be observed from the table that the most striking differ- 
ences found in the oils studied is in the iodine numbers and the tliio- 
cyanogen values. These differences are due to the variation in the 
proportions of oleic, linoleic, and linolenic acids in these oils* The oil 
from the seed of the Virginia variety has the lowest iodine nimiber 
and the lowest refractive index, whereas the oils from the seed of the 
Chiquita and Peking varieties have the liighest values for these char- 
acteristics. 

Although the oil content of the seed from the different varieties 
shows a considerable range, the similarity in the proportions of satu- 
rated and unsaturated acids is noteworthy. 



RELATION OF WEATHER TO THE PREVALENCE OF 
WHEAT STEM RUST IN NEBRASKA^ 


By Geobge L. Peltiee 

Plant Pathologist, Nebraska Agricultural Experiment Station 

INTRODUCTION 

For the 10-year period 1921-1930 detailed ohservations were made 
on the appearance, subsequent ^^development, and the prevalence of 
wheat stem rust (Puccinia graminis tritici (Pers.) Erikss. and Henn.) 
in Nebraska.^ 

This period is a rather short one for an analysis of the relation of 
weather to stem-rust development, in view of the conclusions reached 
by Lambert,^ based on a study of stem rust during a 22-year period. 
He says that no evidence was obtained of any specific meteorological 
condition or set of conditions that always accompanies epidemics. 
‘AVith so many interrelated factors involved, each epidemic appears 
to be a law unto itself. More precise information is needed, but the 
observer can not be cautioned too strongly against mistaking coin- 
cidences for causal relations.’’ It can be assumed that certain factors 
must be contributing agents to the development of stem rust, since 
epidemics are the result of a progressive series or a combination of 
conditions favoring the rapid spread and development of stem rust. 

The more important factors which may influence the development 
of stem rust of wheat in Nebraska are as follows: (1) The amount and 
regional distribution of initial inoculum reaching the wheat fields 
together with the time of its appearance; (2) the temperature and 
moisture favorable for the germination of the spores and subsequent 
infection; and (3) the amount and distribution of primary uredio- 
spores and the environmental factors suitable for the optimum develop- 
ment of the host and parasite, together with optimum conditions 
favorable for reinfection of the secondary and succeeding generations 
of urediospores. It is the purpose of this paper to discuss the influence 
of some of the above-mentioned factors on the prevalence of wheat 
stem rust and to point out the conditions under which rust epidemics 
may occur in Nebraska. 

RELATION OF SEASONAL VARIATION IN THE TIME AND LENGTH 
OF THE FRUITING PERIOD TO STEM-RUST EPIDEMICS 

Before discussing the environmental factors influencing the develop- 
ment of stem rust, it might be well to point out the conditions that 
aftect the time and length of the fruiting period of winter wheat. 
Observations over a 10-year period have shown that primary uredia 


1 Received for publication Apr. 26, 1932; issued February, 1933. Paper No. 120 of the Journal series 
of the Nebraska Agricultural Experiment Station. 

2 Peltiee, Q. L. physiologic poems of wheat stem rust in Kansas and Nebraska. Unpublished 
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have never been foiixid in the spring on winter wheat in Nebraska 
prior to the late-boot or early-heading stage. Thus, with the excep- 
tion of the environmental factors necessary for initial infection, the 
variations in the time and length of the fruiting period may be one of 
the major factors in determining the development and prevalence of 
stem rust in Nebraska. 

Table 1. — Seasonal variation in the time and leiigth of the fruiting period of 
Turkey Red winter wheat during 28 years at Lincoln^ Nehr 


Year 

Date of heading 

Date of ripening 

Length of 
fruiting 
period 

Yield per 
acre 

1903 

June 2 

July 11--- 

Days 

39 

39 

34 

36 
31 

31 
26 1 

32 
24 

35 

29 

24 

37 
35 

30 

32 
30 
28 

25 
27 
30 

33 
25 
27 

29 
35 

30 

34 

Bushels 

32 

18 

21 

62 

52 

38 

27 

48 

51 

9 

50 

34 

30 

i 38 

32 
19 
26 
41 
37 

31 
24 

33 
15 
14 
37 
24 

34 
43 

1904 

June 4 

July 13 

1905 

May 29- 

Jub^ 2 - 

1906 

May 28 

July 3 _ 

1907 i 

June 7 

July 8 

1908 - 

May 29 . 

June 29 

1909 

June 17- 

July 13 

1910 

May 31 

July 2 

1911 

May 30 — 

June 23- 

1912 

May 31- : 

Julv 5 

1913 

MavSO ! 

June 28— - 

1914 - 

June 1 

June 25 

1915 

do 

July 8 

1916 

June 2— 

Julv 7 - - 

1917 

June 17 

July 17 

1918 

Mav 26 

June 27 

1919 - 

June 3 

July 3 

1920 

June 9- 

j July 7 

1921 ; 

May 26 

June 20 

1922 

Mav 28- 

' June 24- 

1923 1 

June 6 - 

! Julv 6 

1924 

June 3 

do 

1925 

May 29 

‘ June 23— 

1926 

May 28 - 

1 June 24 

1927 

June 7 

i July 6 

1928 

1 May 29 

Julv 3 - 

1929 

June 3 

--.«_do 

1930 

May 27 

June 30. 

Average.-- 



June 2-— 

July 3 

31 

33 





« Crop considered in head or ripe when approximately SO per cent of the calms had reached the specified 
condition. These are composite results for ordinary Turkey Red wheat grown on the Nebraska Experi- 
ment Station farm, at Lincoln. The 1917 winter-wheat yield is the average for 3 fields of wheat that did not 
winterkill. The wheat in a fourth field, representing about one-third of the total acreage, winterkilled, 
and the field was replanted to corn. These data were supplied by Dr. T. A. Kiesselbach, agronomist, 
Nebraska Agricultural Experiment Station. The data prior to 1924 have been reported by him in the 
following publication: Kiesselbach, T. A. winteh wheai investig.\tions. Nebr. Agr. Expt. Sta. 
Research Bui. 31, 149 p., illus. 


Table 1 shows the time of heading and ripening and the length of 
the intervening period for Turkey Red wheat for 28 years (1903-1930) 
at Lincoln, Nebr. There is a range of 22 days in the time of heading 
(May 26, in 1921, and June 17, in 1917). The average date of heading 
for the entire period is June 2. Likewise, there is a range of 27 days 
in the time of ripening (June 20, in 1921, and July 17, in 1917). 
The average date of ripening for the 28 years is July's. The length 
of the fruiting period varies from 24 to 39 days, with a range of 15 
days. The average length of the fruiting period is 31 days. As is 
to be expected, the yields obtained ranged from 9 bushels in 1912 to 
62 bushels in 1906, with an average of 33 bushels. With such wide 
variations in the time of heading and ripening and the length of the 
fruiting period, it seems likely that the prevalence of stem rust from 
year to year wmuld also vary greatly, because the environmental 
factors responsible for the seasonal variations in the development of 
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the wheat plant from heading to maturity would also influence the 
development and prevalence of stem rust. 

To ascertain the influence of weather upon the length of the fruiting 
period, the mean temperature, amount of precipitation, and number of 
rainy days for the actual period for each of the 28 years are given in 
Table 2. It is apparent that with few exceptions there is a relation 
between mean temperatures and length of the fruiting period, the 
shorter periods having higher mean temperatures than the longer 
ones. Thus the average mean temperature for the period of 24 to 27 
days is near 75° F., whereas for the period of 36 to 39 days it is about 
69°, about 6° less. The direct influence of precipitation can not be 
determined because of its variability from year to year. The same 
may be said for the number of rainy days. There is a tendency, 
however, toward the occurrence of high rainfall and numerous rainy 
days along with the lower mean temperatures and extended periods of 
fruiting. There are, however, two exceptions to this statement — an 
extremely high rainfall occurred with a high mean temperature in 
1914 and a low rainfall with a low mean temperature in 1903. 


Table 2. — Influence of weather on the length of the fruiting period of Turkey Red 
winter wheat at LmcolUy Nehr. 

LENGTH OF FRUITING PERIOD 24 TO 27 DAYS 


Year 

Actual 
length of 
fruiting 
period 

Mean 

tempera- 

ture 

Precipi- 

tation 

Rainy 

days 

1909 

Days 

26 

° F, 
76.5 

Inches 

4.90 

Number 

10 

1911 

24 

77.4 

.56 

6 

1914 

24 

76.0 

10.06 

14 

1921 - 

25 

75.0 

4.40 

9 

1922 — 

27 

74.8 

1.27 i 

8 

1925 

25 

75.6 

6.15 1 

12 

1926 - 

27 

70.1 

2.65 ! 

9 

Average - - 

25 

75.1 

4.28 

1 

10 


LENGTH OF FRUITING PERIOD 28 TO 31 DAYS 


1907 

31 

73.8 

5. 38 

1908 ■ - 

31 

68.4 

11. 33 

1913 - 

29 

73.7 

2.02 

1917. 

30 

74.7 

3.50 

1919 

30 

75.7 

3. 74 

1920 - 

28 

75.2 

2.10 

1923 - 

30 

72.5 

.79 

1927 - — 

29 

72 4 

3.08 

1929 - 

30 

72 ! 4 

.93 


Average ■ 

! 30 ^ 

i 

73.2 

3.65 



LENGTH OF FRUITING PERIOD 32 TO 35 DAYS 


1905 - - 

34 

70.6 

4. 75 

, 

12 

1910 - - 

32 

72.3 

2.57 

7 

1912 

35 

73.1 

3. 15 

12 

1916 

35 

70.5 

3. 14 

11 

1918-.—-— - — — - 

32 

76.8 

2.54 

11 

1924,...... — .. 

33 

69. 1 

4.22 

16 

1928 — - 

35 

68.2 

3. 97 

17 

1930.——- 

34 

69,7 

3.39 

9 

Average...— — 

34 

71.3 

3.47 

'"'12 
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Table 2. — InfiuencG of loeather on the length of the fruiting period of Turkey Red 
winter wheat at Lincohi, Nehr . — Contimied 


LENGTH OF FRUITING PERIOD 36 TO 89 DAYS 


Year 

Actual 
length of 
fruiting 
period 

Mean 

tempera- 

ture 

Precipi- 

tation 

Rainy 

days 

1903 . - _ . - 

Days 

39 

39 

36 

37 

0 

70.5 

69.2 

69,9 

67.4 

Inches 

2. 32 
6. 85 
7.60 
5.12 

N'umher 

12 

21 

12 

18 

1904,. — 

1906 - 

1915 - - 

Average 

38 

69.3 

5. 45 

16 



it is true that the mean temperatures during the fruiting 
period determine to some extent the length of this period, it is of inter" 
est to know Avhat the weather conditions were prior to and during the 
interval from heading to maturity. Therefore, the weather data for 
the months of June, and July for each of the 28 years, and the 
departures from normal are given in Table 3, grouped as in Table 2. 
The data show that where the length of the fruiting period was from 
24 to 27 days, the mean temperatures, with few exceptions, were 
above normal in all three months, whereas the precipitation and num- 
ber of rainy daA^s were in general below normal. The year 1914 was 
exceptional, since an excess of rain occurred during each of the three 
months. 

Table 3. — Departures from normal of mea7i temperatures^ amount of precipitation ^ 
and nu7nber of rainy days for the months of May, June, and July for a 28-year 
period at Lincoln, Nehr.^ 

LENGTH OF FRUITING PERIOD 24 TO 27 DAYS 


Year 

Alay 

June 

July 

Total departure 

Tem- 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 

Tem- 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 

Tem- 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 

Tem- 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 

1909- — . 

1911 

1914 

1921 

1922_. — — — 

1925 

1926 - 

Average. 

-1.3 
+3, 7 
+2. 5 
+3. 6 j 
+2. 1 
-1.1 
+4.5 

Inches 
+1. 55 
13 

+.12 
-.98 
-.86 
-2. S3 
-1.13 

Num- 

ber 

+1 

0 

--4 

-3 

+3 

-3 

+1 

O p 

-0.1 
+7.3 
+3.8 
+5.0 
+4.0 
+2.8 
— . 5 

Inches 
-1. 24 
-3.76 
+6.39 
+. 11 
-1.95 
+2. 32 
-1.74 

Num- 

ber 

-1 

-5 

+6 

+2 

+2 

—2 

op 

-0.3 
+1.7 
+2.7 
+2.3 
-2.7 
+1. 7 
+2.1 

Inches 
+1, 02 
-2.02 
5+.99 
90 
+2.38 
-1. 78 
-2. 01 

Num- 

ber 

-1 

-4 

-1 

+2 

+6 

-1 

+1 

-1.7 
+12.7 
+9.0 
+10. 9 
+3.4 
+3.4 
+6.1 

Inches 
+1. 33 
-5. 91 
+7. 50 
-1.77 
-.43 
-2. 29 
-4.88 

Num- 

ber 

-1 

-9 

+1 

-3 

+11 

—2 

1 0 

+2. 0 

-.61 

0 

+3.2 

+.02 

0 

+1,1 

-.33 

0 

+6.3 

-.92 

0 


LENGTH OF FRUITING PERIOD 28 TO 31 DAYS 


1907 

-5.5 

-0.89 

+1 

-2.0 

+1.93 

0 

-0.1 

-0. 19 

0 

-7.6 

+0. 85 

+1 

1908 

-1.2 

+1.27 

+7 

-2.2 

+6. 92 

+8 

-2.3 

+4.23 

+2 

-5.7 

+12. 42 

+17 

1913 

+1.3 

+1.94 

+1 

+2.6 

-2.05 

-1 

+4.5 

-1.90 

+1 

+8.4 

-2. 01 

+1 

1917. 

-4.9 

-.09 

0 

-1.7 

+1.71 

+3 

+1.9 

-3.29 

-4 

-4.7 

-1.67 

-1 

1919 .... 

-1.0 

-.25 

-2 

+1.6 

+.67 

+2 

+5.7 

-3.47 

-5 

+6.3 

-3. 05 

,~5 

192G__..- 

— . 7 

-31 

+3 

+1.6 

-2.27 

-4 

+. 1 

-.05 

+1 

+1.0 

-2.63 

0 

1923. 

-1.5 

— . 77 

+1 

+.7 1 

+.93 

+1 

+2.3 

-1.97 

-3 

+1.5 

-1. 81 

-1 

1927 ... 

-.5 

-2.51 

-2 

-1.8 

-.89 

-1 

-.1 

-1.97 

-1 

-2.4 

-5. 37 

-4 

1929.... 

-1.7 

-.80 

-2 

-1. 0 

-2.46 

-2 

+.9 

+1. 47 

0 

-1.8 

-1.79 

-4 

-■^.verage.j 

-1.7 

-.27 

+1 

-.2 

+.50 

0 

■+1.4 

-.79 

-1 

-.5 

■■ -. 56 

0 


« Climatic data in this and succeeding tables supplied by T. A. Blair, senior meteorologist, Weather 
Bureau, U. S. Department of Agriculture, Lincoln, Nebr. 
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Table 3. — Beparitires from normal of mean temperatures^ amount of precipitation ^ 
and number of rainy days for the months of May, June, and July for a 28-yeaT 
period at Lincoln, Nehr.- — Continued. 

LENGTH OF FRUITING PERIOD 32 TO 35 DAYS 




May 



June 



July 


Totaljdeparture 

Y ear 

Tein« 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 

Tem- 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 

Tem- 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 

Tem- 

pera- 

ture 

Pre- 

cipi- 

tation 

Rainy 

days 



Inches 

Num- 

ber 

°F. 

Inches 

Num- 

ber 


Inches 

Num- 

ber 


Inches 

Num- 

ber 

1905 ' 

-2.1 

+1.03 

+3 

+0.*2 

-0.89 

-1 

-3.9 

-0. 60 

+4 

-5.8 

-0. 46 

+6 

1910 

-4.5 

-.47 

+1 

+. 6 

-2.23 

-5 

+.3 

-.82 

-1 

-3.0 

-3. 52 

-5 

1912 

+3.9 

-3. 12 

_4 

-3.0 

-1.33 

0 

+2. 5 

-1. 67 

+1 

+3.4 

-6.12 

-3 

1916.. 

+. 5 

-. 60 

+1 

-3.6 

-1.21 

-1 

+5.6 

-2. 56 

-3 

+2. 5 

-4. 37 

-3 

1918 

+6.3 

-1. 26 

-1 

+5.8 

-1.79 

-2 

+.9 

-1. 34 

0 

+13. 0 

-4. 39 

-3 

1924 

-6. 0 

-1. 88 

0 

-2.3 

.00 

+6 

-3.6 

+. 81 

+2 

-11.9 

-1. 07 

+8 

1928 

+2.9 

-1. 33 

-4 

-4.6 

-.35 

+6 

+. 5 

+1.87 

+4 

-1.2 

+. 19 

+6 

1930. 

-.3 

-.98 

+1 

-.2 

-1.37 

-3 

+6.3 

-2. 79 

-3 

+5.8 

-5. 14 

—5 

Average. 

+.1 

-1. 08 

0 

+.9 

-1. 15 

0 

+1.1 

-.89 


+.3 

-3.11 

0 


LENGTH OF FRUITING PERIOD 36 TO 39 DAYS 


1903 

1904 

1906 

1915 

-0.4 

-.9 

+1.7 

-2.7 

+6. 64 
+.12 
—2. 55 
+.69 

+8 

+2 

-3 

+3 

-5.0 

-3.6 

-1.0 

-4.2 

-1.72 

+.08 

-.72 

-.29 

0 

+5 

-1 

+2 

-1.0 

-3.8 

-4.1 

-4.8 

1 

-0.78 
+1.27 
+3. 00 
+2.89 

-1 

+7 

0 

+10 

-6.4 

-S.3 

-3.4 

-11.7 

+4. 14 
+1. 47 
-.27 
+3.29 

+7 

+14 

-4 

+15 

Average- 

-.6 

+1. 22 

+3 

—3. 5 

-.66 

+1 

-3.4 

+1.60 

+4 

“7.5 

+2. 16 

+8 

Normal- 

61.7 

4.08 1 

11 

71.4 

4.32 

11 

76.5 

3.85 

9 





In years when the fruiting period was from 28 to 31 days, tempera- 
tures "for the most part averaged somewhat below norrnal for May, 
near normal for June, and in the majority of years slightly above 
normal for July. In general, precipitation was below normal in May, 
slightly above normal in June, and below normal in July. On the 
whole, however, temperatures and precipitation for the three months 
were only slightly below normal. In 1908 there was a large excess 
of precipitation during all three months, and also a larger than normal 
number of rainy days. 

When the fruiting period was from 32 to 35 days (with the excep- 
tion of 1918, when temperatures were well above normal) the tem- 
peratures were near or slightly below normal for May and June and 
above normal for July. With few exceptions the precipitation was 
below normal, in fact more so than in the last-mentioned group. 

In those years with a fruiting period of from 36 to 39 days, tempera- 
tures averaged below normal for all thi*ee months, while the rainfall 
was above normal for May and July and only slightly below for Jime. 
Here again there seems to be a tendency for high rainfall to be asso- 
ciated with low mean temperatures. A comparison of the data in 
Tables 2 and 3 reveals a relationship between the weather conditions 
prevailing during the fruiting period and for the 3-month period in 
any one year. 

Lambert ^ points out that the years of rust epidemics in the spring 
wheat area were 1904, 1911, 1916, 1919, 1920, and 1923, whereas 


* L.vmberTjHLUI. Op. cit. 
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little or no rust occurred in 1907, 1909, 1910, 1912, 1913, 1915, 1918, 
and 1924. The years 1905, 1906, 1908, 1914, 1917, 1921, 1922, and 
1925 lie classifies as intermediate or indeterminate as far as rust was 
concerned. Nebraska records sliow that 1904, 1916, 1919, 1920, and 
1923 (in western Nebraska) were epidemic years. The year 1927 
should be classed as potentially an epidemic year, although the actual 
loss from stem rust in Nebraska was not large. In the remaining 
years, while the amount of rust varied, it was not severe enough to 
attract attention, and the actual losses were not estimable. 

In all the years in which the fruiting period was between 24 to 27 
days no estimable losses from rust occurred. With the exception of 
1909, the average date of heading was May 29 and of ripening June 
23. (Table 1.) While Lambert ^ includes 1911 as an epidemic year 
in the spring-wheat area, the length of the fruiting period at Lincoln 
was short (24 days). The plants were in head in late May and were 
ripe by June 23. The mean temperatures were liigh, and a large 
deficiency in moisture occurred, so that environmental conditions 
were also very unfavorable for rust development. As a group, these 
years can be classified as rust escaping, because of the short period 
from heading to riperdng and also because the early matmity of the 
grain did not permit the development of many generations of ured- 
iospores, even though rust might have been present at the time of 
heading and optimum conditions for its development might have 
been at hand. 

Thi'ee of the five epidemic years are included in the second group 
for which the fruiting period was from 28 to 31 days. In these years 
the mean temperatmes for the period varied from 72.5° to 75.7° F., 
and in two years the precipitation and the number of rainy days 
favored rust development. In 1923 the rainfall was short, and in 
consequence there was not a great deal of stem rust in the vicinity 
of Lincoln. The wheat headed the first week in June, or shortly 
thereafter, and ripened the first week of July. During three other 
years in tliis group (1907, 1927, and 1929) the times of heading, 
matmity, and weather conditions were somewhat similar, and no 
epidemic occurred. In 1908, while temperatures were below normal 
and exceedingly high precipitation with many rainy days occurred, 
conditions favored the development of rust, and yet apparently very 
little developed. In 1908 and 1913 wheat headed early and ripened 
the latter part of June, while growth was abnormal in 1917 because 
of excessive winter kfilmg. 

The weather conditions and length of the fruiting period in 1916 
did not differ in any important respect from the other years in this 
group (32 to 35 days fruiting period); therefore, some factor or com- 
bination of factors other than those mentioned was responsible for 
the epidemic in that year. With the exception of 1924 the wheat 
was in head by the first of June and ripened prior to the time at which 
wheat matui’ed in 1916. A rather severe epidemic occurred in 1904, 
when there was an extended fruiting period, but with the exception 
of precipitation, the weather conditions in 1903 were very similar 
to those in 1904. 

The data for the 28-year period indicate that stem rust will not 
assume epidemic proportions in eastern Nebraska during those years 


Lambert, E. B. Op. eit. 
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when winter wheat heads prior to, or during the first week in June 
and ripens before July 1.^ The length of the fruiting period does not 
permit many iirediosporic generations,® and in most years weather 
conditions conducive to the rapid maturity of the wheat usually do 
not favor rust development. Eust epidemics have occurred during 
years when wheat did not head until June and matured in July, or 
when the length of the fruiting period was extended. There are 
years with extended fruiting periods, however, when the same weather 
conditions prevail as in years of wheat stem rust epidemic but when 
only small amounts of rust develop in Nebraska. Therefore, a study 
of the other factors influencing the development of stem rust was 
iindertaken to determine the part played by some of these contrib- 
uting factors in abetting or inhibiting rust development. The results 
of this stud^^ follow. 

AMOUNT, TIME OF APPEABANCE, AND GENERAL DISSEMINATION 
OF INITIAL INOCULUM 

Observations made during 10 years show that the amount of local 
inoculum near infected barberry bushes has varied from year to year, 
depending primaril}^ on the number of viable teliospores present, 
the weather conditions favoring their germination, and the subsequent 
infection of the barberries. Furthermore, in many instances, other 
races of stem rust have been found in the vicinity of infected 
barberry bushes. On the w-hole the limited amount of local initial 
inoculum near infected barberry bushes is decreasing as barberry 
eradication is carried on. This is especially true when the amount is 
contrasted with the widespread regional distribution of wind-blown 
urediospores from the South. 

It is difficult to determine the amount of initial inoculum which 
reaches Nebraska each season. During certain years primary 
uredia are very hard to find, even after a search of several hours in 
wmeat fields, w^hereas in other years they are not only readily found 
in any field but in large amounts over a wide area. Primary uredia 
w^ere much more readily found in 1922, 1923, and 1927 than m the 
other years. Therefore the amount of initial inoculum w-hich reaches 
Nebraska as wind-blowm urediospores usually in eaiiy^ June, varies each 
jeM' and may depend on the number of urediospores which survive 
'the winter in the South and the conditions affecting their development 
and dissemination. 

The time of appearance of initial inoculum also varies with the 
season, as has already been discussed by the writer.’^ In Table 4 the 
dates of the appearance of primary uredia near Lincoln, Nebr., are 
listed. During 6 of the 10 ymars primary uredia were found betw^een 
June 7 and 9. In the remaining four years uredia were found 
May 30, June 12, and as late as June 18 and 20. The average date 
for the 10 years was June 10, and the range was 21 days, a period 
sufficiently long to account for great differences in the development 
and severity of stem rust from year to year. 

® “ Urediosporie generations” is used here for the want of a more inclusive term. It is true that from 
the time a uredium sheds its first spores until new uredia are subsequently i^roduced, no increase in 
the amount of rust is possible. From this time onward, however, no such period exists, since both old 
and new uredia shed spores continuously until they are depleted. The progressive rate of increase is 
enormous from a very small number of primary uredia providing environmental factors are favorable. 

7 Peltier, G. L. Op. cit. 
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By means of simultaneous surveys primary ^ iiredia have been 
found ill occasional years at about the same time in south and north- 
east Nebraska. As a rule, however, primary iiredia have been 
found from a few days to a week or more later in northeast Nebraska, 
and from one to two weeks later in the western part of the State, 
Thus, the amount and time of appearance of initial inoculum to- 
gether with its general distribution vary from year to year. The 
exact amount of initial inoculum ]3resent in Nebraska each year, 
however, remains one of the undetermined factors. 


Table 4. — Weather conditions 'prevailing for a 2-week period prior to the appearance 
of primary uredia at Lincoln, Nehr., 1921 to 1930 


! 

Year 

Date of 
first 
uredia 

Begin- 
ning of 
2-\veek 
period 

Mean 
temper- 
ature for 
period 

Amount 
of precip- 
itation 
for 

period 

Rainy 
days for 
period 

1921 

J une 

8 

Xlay 25 

°F. 

71.7 

Inches 

3. 94 

Number 

6 

1922 

Mav 

30 

May 16 

64.4 

2.36 

8 

1923 

•Tune 


May 24 
June 6 

69.6 

4. 70 

5 

1924 

June 

20 

70.9 

2. 24 

10 

6 

1925 - 

June 

12 

May 29 
IMay 25 
_.do 

75. 3 

1.41 

1926 - 

June 

8 

71.0 

.61 

4 

1927 - 

do. 

63.0 

1. 16 

5 

1928 

June 

IS 

.Tune 4 

67.2 

1.23 

6 

1929- 

June 

9 

May 26 
.._do 

66. 1 

3.36 


1930 

.-_do_ 


64.9 

.79 

4 

1 i 




WEATHER CONDITIONS FAVORING PRIMARY INFECTION 

It has been pointed out that the time of appearance of primary 
uredia varies from year to year at Lincoln. In Table 4 the annual 
climatic data for two weeks ^ prior to the finding of primary uredia 
are given. The weather conditions are an additional factor that varies 
from year to year. From the temperature standpoint, favorable 
conditions for a heavy primary infection occurred in 1921, 1923, 1924, 
1926, and 1928. Temperatures slightly below the optimum prevailed 
in 1922, 1927, 1929, and 1930. The temperature in 1925 was too high 
for optimum infection. Sufficient moisture and rainy days occurred 
during all the years included in this study, with the possible exception 
of 1926 and 1930, for favorable infection. Apparently temperatures 
suitable for primary infection are more of a limiting factor than is 
moisture, in most years in Nebraska. 

RELATION OF THE TIME OF HEADING OF TURKEY RED WHEAT 
TO DATE OF APPEARANCE OF PRIMARY UREDIA AT LINCOLN 

Table 5 shows that the appearance of primary uredia does not 
always coincide with the time of heading of winter wffieat. In 1922, 
1923, and 1927 primary media were found at about the time of 
heading, whereas in 1921, 1924, 1925, 1928, and 1930 uredia did 
not appear until about two weeks or more after the plants had headed. 
In the remaining two years rust did not appear until 6 and 11 days 
after heading. Thus the time of heading and the date of appearance 
of primary media have a direct bearing on the further development 
of rust. For example, in 1921, 1924, 1925, 1926, and 1928 only about 
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two weeks remained for further rust development. It must be borne 
in mind that wheat plants approaching maturity can not be infected 
with rust, so that the period of susceptibility to rust is really shorter 
than two weeks. In the other years from three weeks to four weeks 
remained for secondary and succeeding infections- In other wmrds, 
in these years the time necessary for increasing urediosporic genera- 
tions to a point sufficient to produce an epidemic was sufficient, 
provided weather conditions favorable for optimum infection and 
development of rust pre vailed . 


Table 5. — Relation of the time of heading of winter wheat to the date of appearance 
of primary uredia at Lincoln, Nehr., 1921 to 1930 


Y ear 

Date of 
heading 

Date of 
first 
uredia 

Days 
from 
heading 
to first 
uredia 

Length 
of the 
fruiting 
period 

Days 
from first 
uredia 
to ripen- 
ing 

1921- 

May 26 

June 8 

Number 

13 

Days 

25 

Number 

12 

1922 

May 28 

May 30 

2 

27 

25 

1923 

June 6 

June 7 

1 

30 

29 

1924 

June 3 

June 20 

17 

33 

16 

1925 

May 29 

June 12 

14 

25 

11 

1926-. 

May 28 

June S 

11 

27 

16 

1927 

J une 7 

...do 

1 

29 

28 

1928 

May 29 

June 18 

20 

35 

15 

1929 

June 3 

June 9 

6 

30 

24 

1930 

May 27 

...do 

13 

34 

21 


WEATHER CONDITIONS FAVORING THE DEVELOPMENT OF SEC- 
ONDARY AND SUCCEEDING GENERATIONS OF UREDIO- 

SPORES 

It has been shown previously that the factors responsible for the 
development of secondary and succeeding infections are the length of 
the period from the appearance of primary uredia to ripening of the 
grain and optimum weather conditions favoring infection and rapid 
development of urediosporic generations.^ It has been pointed out 
that in five years (1921, 1924, 1925, 1926, and 1928) this period aver- 
aged two wTeks and was sufficiently short to produce not more than 
one or possibly two generations of urediospores under optimum 
weather conditions. In Table 6 the weather conditions prevailing 
during this interval are listed. Temperatures above the optimum for 
infection occurred in 1921 and 1925. In the other three years while 
temperatures slightly below the optimum prevailed, they were more 
favorable for rust development, although the period from initial 
infection to mature urediospores would be somewhat longer. On 
the other hand, precipitation necessary for infection was sufficient 
in all the five years except 1921, so that in the main the absence of 
rust development was due to the shortness of the period rather than 
to any specific environmental factor. 


s Occasionally areas of heavier infection farther south abet in producing local rust epidemics. After 
several days of high southerly winds, followed by rains, a heavy rust infection sometimes develops in areas 
where primary uredia are few and widely scattered. 
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Table 6. — Weather conditions prevailing for secondary and succeedmg hifedtons 
frofn the appearance of primary uredia to ripening of winter wheat at LincoVn, 
'Nebr., 1921 to 1930 


Y ear 

Date of 
first 
uredia 

Date of 
ripening 

Days in 
period 

Alean 
tempera- 
ture for 
period 

Amount 
of pre- 
cipita- 
tion for 
period 

Rainy 

days 

I 1921--. 

J une S 

June 20 

Number 

12 

°F. 

78. 8 

Inches 

0.46 

Number 

3 

! 1922 

Alay 30 

J une 24 

25 

74. 9 

1. 20 

' 7 

1923 

.Tune 7 

July 6 

29 

72. 8 

.79 

i ? 

i 1924 

.Tune 20 

--.do 

16 

68. 4 

1.93 


t 192o 

June 12 

June 23 

11 

75. 9 

4.74 : 

6 

i 1926 

Tune S 

June 24 

16 

70. 6 

2.12 

6 

! 1927 

jlo 

July 6 

2S 

71. S 

3. 08 

7 

j 1923 

Tune IS 

July 3 

15 

70.3 

1. 92 

8 

1 1929 

J une 9 

___do 

24 

74.1 

.44 

6 

1930 


June 30 

21 

73.2 

2. 60 

5 


During 1922, 1923, 1927, 1929, and 1930 the period from primary 
uredia to ripening of the grain was three to four weeks and hence 
was sufficiently long for several iirediosporic generations to develop. 
In 1922, 1929, and 1930 relatively little secondary rust developed, 
and onty a trace could be found in the wheat fields because of hot, dry 
weather. The year 1929 was deficient in rainfall for the entire period, 
whereas in 1922 most of the rainfall occurred after the wheat was 
maturing. In 1930 about one-half of the total rainfall for the period 
occurred in one day, five days after primary uredia made their 
appearance. Temperatures were more favorable for optimum infec- 
tion in 1923 and 1927. Most of the rain fell during two days in 1927, 
about the middle of June, so that there was no moisture for further 
development of rust later in the period. In 1923, although the pre- 
cipitation was light, it was scattered over a number of days. A trace 
of rain was also recorded for eight days in this period. Had there 
been more rainfall during tins period in 1923 at Lincoln, much more 
rust would have occurred, and an epidemic as severe as that which 
took place in western Nebraska would have developed. During the 
10 years there was no estimable loss from rust at Lincoln. The 
reasons vary with the years. In 5 of the 10 years the interval between 
the appearance of primary uredia and the ripening of the wheat was 
too short, and in 3 years this interval was long (more than three 
weeks), but hot, diy weather prevailed. In 1927 the development of 
uredia was inhibited b}" uneven rainfall over the latter part of the 
intenml. In 1923 the amount of precipitation at any one time during 
the interval was too slight. In other words, rust did not assume epi- 
demic proportions at Lincoln in any of the 10 years under discussion, 
although more rust occurred in 1922, 1923, and 1927 due in part to 
a_ greater aiiioimt of initial inoculum than in the other years under 
discussion. It is quite apparent that the limiting factor in the 
development of secondary and succeeding generations of urediospores, 
considering only the environmental factors, is the even distribution 
of an above normal precipitation. 
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RELATION OF ENVIRONMENTAL FACTORS TO THE DEA^ELOPMENT 
OF STEM RUST IN NEBRASKA 

Up to this point the discussion of the conditions favoring rust 
development has centered about the data collected at Lincoln, which 
can not be considered typical of the whole State. In order that the 
size of Nebraska can be ^dsualized, the following statement can be 
given: If the State were pivoted at the southeast corner and moved 
in a 90° angle to the south, the western part would lie in Texas; and 
when pivoted 90° to the north, it would lie in Minnesota. The altitude 
increases at the rate of 1 foot for every 7 miles westward across the 
State, so that, with the exception of precipitation, conditions in the 
spring- wheat area in northwest Nebraska are somewhat similar to 
those in the spring-wheat area in Minnesota and the Dakotas. 

For comparison, two points were chosen as representative of central 
and western Nebraska, namely, North Platte and Scottsbliiff. At the 
North Platte substation, Turkey Red winter wheat heads, on the 
average, about 4 days later, ripens about 7 days later, and has a 
fruiting period 3 days longer than at Lincoln. "The earliest date of 
heading was May 26 (1925) and the latest June 12 (1929), a range of 
17 da^^s. The earliest date of ripening was June 29 (1922 and 1925), 
and the latest July IS (1929), a range of 19 days. The length of the 
fruiting period ranged from 26 days (1927) to 44 days (1928), a 
difference of 18 days, the average being 33 days for the 10-year 
period.® 

On the average, primary uredia appear at North Platte about 10 
days later than at Lincoln, the earliest date being June 12 and the 
latest June 28, a difference of 16 days. The average date of the appear- 
ance of primary uredia is June 20. On the whole, the range is not 
so great as at Lincoln. The number of days from heading to the 
appearance of primary uredia ranged from 6 to 29, and from primary 
uredia to ripening from 8 to 30. At North Platte, conditions vary as 
much as if not more than at Lincoln. 

Unfortunately, no data on the length of the fruiting period of winter 
wheat are available at the substation near Scottsbluff. However, 
there would be less variation between Scottsbluff and North Platte 
than between North Platte and Lincoln. During seven 3 ^ears’ obser- 
vations, primary uredia appeared on the average of onty two days 
later than at North Platte, the earliest date being June 17 and the 
latest June 28. In Table 7, the departures from normal at Lincoln, 
North Platte, Scottsbluff:, and of the whole State, of mean monthly 
temperatures, precipitation, and rainy days for the months of May, 
June, and July are given. 

It has previously been mentioned that a rust epidemic occurred in 
Nebraska in 1923, and that it was especially severe in the western 
half of the State. At North Platte temperatures were above normal 
during June and July, while precipitation was above normal for May, 
June, and July. Similar conditions prevailed at Scottsbluff , with even 
greater departures from the normal. Thus, while conditions wnre 
favorable for rust development in eastern Nebraska for only a short 
period after a large number of primary uredia appeared, conditions 
were much more favorable in central Nebraska and still more so in 
western Nebraska, especially in the spring- wheat section. 


» Data supplied by L. L. Zook, associate agronomist, Division of Dry Land Agriculture, U. S. Depart- 
ment of Agriculture, North Platte, Nebr. 
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Table 7. — Departures from normal of the mean temperatures, precipitation, and 
number of rainy days from May to July at Lincoln, North Platte, and Scottshluff, 
Nebr., and for Nebraska, 19^1-1930 

MAY 



Lincoln 


North Platte 

Scottsbliiff 

Nebraska 

Year 

Mean 

tem- 

pera- 

ture 

Pre- 

cipita- 

tion 

Rainy 

days 

Mean 

tem- 

pera- 

ture 

Pre- 

cipita- 

tion 

Rainy 

days 

Mean 

tem- 

pera- 

ture 

Pre- 

cipita- 

tion 

Rainy 

days 

Mean 

tem- 

pera- 

ture 

Pre- 

cipita- 

tion 

Rainy 

days 

1921 

® F. 
4-3.6 

Inches 
-0. 9S 

Nttm- 

her 

-3 

o p 

4-2.3 

Inches 
-0. 89 

JSrum- 

ber 

4-1 

O p 

-4-0.3 

Inches 
-0. 78 

Num- 

ber 

0 

° F. 
4-1.6 

Inches 
4-0. 09 

Num- 

ber 

0 

1922 

-1-2. 1 

-.86 

+3 

-h.8 

-.25 

—2 

-1-1.6 

-h. 75 

-1 

4-1.2 

-.76 

-1 

1923 1 

-1.5 

— . 77 

+1 

-1.5 

4-1.30 

-1 

4-. 8 

4-. 46 

-1 

-1.6 

4-1.46 

4-2 

1924: ! 

-6.0 

-1.88 

0 

—5. 5 

-.52 

0 

-3.5 

-.83 

4-2 

-5.5 

-1.63 

-2 

1925 

-1. 1 

-2. 83 

-3 

+• 7 

-.86 

-4 

-h3.9 

-.27 

4-1 

-.4 

-1.47 

-3 

1926 

-i-4.5 

-1.13 


4-5.9 

i-LS7 

-hi 

-h4.5 

-.61 

4-3 

4-5.0 

— . 75 

4-1 

1927 

— . 5 

-2.51 

-2 

-f2.7 

-1. 38 

0 

4-1.2 

-.20 

-h2 

-.1 

-1.05 

-1 

192S 

-1-2.9 : 

-1.33 

-4 i 

4-3.8 

4-. 84 

4-2 

-P5.4 

-.42 

— 5 

-h3.1 

-.04 

0 

1929 

-1.7 

-.80 

-2 

-1.2 

-.20 

-1 

-.2 

-1.59 

-1 

-1.7 

-.80 

—2 

1930- 

-.3 1 

-.98 

+1 

-1.9 

4-3.32 1 

4-2 

-1.2 

4-1. 25 

4-4 

-1.7 

4-1. 57 

4-i 

Normal - . 

61.7 

4.08 

11 

58. 7 

2.78 

11 

55.8 

2. 79 

10 

59.1 

3.53 

9 


1921 

4-5. 0 

4-0. UJ 

~2 

4-4.3 

-1.83 

— 9 

4-3.5 

-1.07 

4-2 

-h4.0 

-1.43 

-2 

1922 

4-4. 0 

-1.95 

4-2 

-h5.3 

-2. 35 

-5 

4-4.0 

-.64 

-1 

4-3.2 

-1.37 

-3 

1923 

-h.7 

-f. 93 

4-1 

4-1.7 

4-. 93 

0 

-h.3 

4-1.30 

4-2 

4-. 3 

-h.92 

4-1 

1924 

-2.3 

■ .00 

4-6 

-.1 

-1.32 

-1 

-h.9 

-1.88 

-3 

-1.9 

-h.49 

4-2 

1925.. 

-h2.8 

4-2. 32 

4“2 

4-4.2 

-1.76 

—2 

4-1.0 

4-1. 53 

-hi 

-hi. 9 

-h.68 

4-1 

1926 

— . 5 

-1.74 

_2 

4-. 5 

4“. 58 

4-4 

— . 2 

-hi. 11 

-h2 

— . 7 

-1.03 

-1 

1927 

-1.8 

-.89 

-1 

1 -1.1 

4-1.29 

4-1 

-1.6 

4-1.42 

4-5 

-2.2 

-.12 

4-1 

1928 

-4. 6 

-.35 

4-6 

-4.7 

-hi. 42 

4-9 

-6.0 

4-1.16 

4-6 

-6.0 

4-.85 

4-5 

1929 

-1.0 

1-2. 46 

1 -2 

4-1.1 

-1.98 

0 

-.3 

-h.06 

_2 

-1.4 

-.47 

-1 

1930... 

— . 2 

-1.37 

-3 

4-. 9 

-h.S4 

4-6 

+1.6 

-1.26 

-2 

-.8 

-.56 

— 2 

Normal - . 

71.4 

4.32 

11 

67. 5 

3. 22 

10 

66.4 1 

2. 54 

9 

69.0 

3. 78 

9 


JULY 


1921.-.- 

4-2. 3 

4-0. 90 

4-2 

4-3.9 

-1.94 

-3 

4-2.5 

-1.05 

-2 

4-1. 7 

4-0.74 

4-1 

1922 

—2 7 

4-2. 38 

4-6 

—-2 

4-2. 17 

4-3 

-1.3 

4“. 68 

4-1 

-2.1 

4-1.20 

4-3 

1923 

4-2.3 

-1.97 

-3 

4-3. 0 

-.89 

-2 

4-2.2 

4-1.14 

+2 

4-1.8 

-.51 

0 

1924 

—3. 6 

4-. 81 

4-2 

-.3 

-1.74 

-3 

— . 7 

-1.53 

0 

-3.0 

4-. 41 

4-1 

1925 

4-1.7 

-1.78 

-1 

4-3.3 

-1.85 

-3 

4-1.0 

-.18 

0 

4-. 8 

-1.18 

0 

1926 

4-2.1 

-2.01 

4-1 

4-2.9 

-.06 

+3 

-. 1 

-.09 

0 

4-1.0 

-.59 

4-1 

1927 

1 

-1.97 i 

-1 

4-1.0 ! 

-2. 31 

0 

-1,7 

— . 73 

0 ! 

-1.3 

-1.40 

-1 

1928 

-h.5 

4-1.87 i 

I 4-4 

4-. 5 i 

4-2. 30 

1 4-5 

-.3 

14-1.41 

4-5 


4-. 65 

4-2 

1929 

4-. 9 

4-1.47 1 

0 

4-4.7 

-.68 

4-2 

4-3.0 

-.23 

-3 

4-l'6 

-.17 

0 

1930 

4-6.3 

-2.79 1 

-3 

4-5.2 

-2. 14 

-3 

4-3.3 

— 1.55 

-3 

4-4.1 

-1.84 

-3 

Normal - . 

76.5 

3.85 : 

9 

72.9 

2. 74 

9 

72.5 

2. 02 


74.7 

3. 34 

7 


The year 1927 was potentially an epidemic year, since a large amount 
of initial inoculum reached Nebraska, and large numbers of primary 
uredia developed under favorable conditions. The lack of sufficient 
rainfall in July inhibited the development of secondary and succeeding 
generations of uredia over the whole State. In the remaining years, 
as at Lincoln, it was found that either mean temperatures were above 
normal, which in combination vith a deficiency of rainfall (1921, 1922, 
1925, 1926, 1929, 1930) inhibited the development of rust, or in oc- 
casional years an excess of precipitation (1928) was at hand, but mean 
temperatures were too low, or both temperatures and moisture were 
below normal (1924). In fact the right combination of factors 
favoring rust development in the western half of Nebraska is less 
likely to occur since mean temperatures are usually lower and the 
amount of precipitation is decidedly less than in eastern Nebraska. 
This can be seen by a comparision of normal temperatures and precipi- 
tation at the points listed in Table 7. Rust epidemics in central and 
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western Nebraska are possible, other factors being favorable, oiiIa- 
when teiiiperatures are above normal for June and Jiil 3 ^ and an even 
distribution of rainfall well above normal prevails for these months. 

DISCUSSION 

In Table 8 is a summary of some of the factors that have influenced 
the development of stem rust in Nebraska over a 10-year period. 
Weather plays a dominant role, since many other factors are de- 
pendent on it, at least in the different periods. The weather largely 
determines the time of heading and of ripening, and the length of the 
fruiting period of winter wheat. These are also important factors in 
the development of rust, once initial infection takes place. Each 
factor contributing to optimum rust development is influenced by a 
definite set of weather conditions, which are not necessarity the same 
for any other factor during the same or different seasons. 

It has been pointed out that not only does initial inoculum appear at 
different times in June, in Nebraska, but the number and distribution 
of primary uredia vary from 3 ^ear to year. This variation is in- 
fluenced (1) by the number and distribution of overwintering ured- 
iospores in Texas, (2) by the weather conditions aflecting the in- 
creasing of a large amount of inoculum, which ma}^ progressively 
infect wheat to the northward, (3) by the receptiveness of wheat to 
infection when wind-blown urediospores reach Nebraska, and (4) by 
the prevailing environmental factors favoring the infection of the 
host. In Nebraska, no primary uredia have been found on winter- 
wheat plants, in the spring, prior to the late-boot or heading stage. 
While wind-blown urediospores may reach the State before the 
plant reaches this stage of development, infection does not take place 
because temperatures too low for infection usually prevail at this time. 

In 1922, for example, a large amount of initial inoculum reached 
Nebraska early. Many primary uredia were found at Lincoln on 
May 30, at the time wheat was heading. A potential rust epidemic 
was in the making. 


Table 8 . — Summary of factors influencing the development of stem rust, during a 
10-year period^ at Lincoln, Nebr,, 1921-1930 
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Shortly til ereaf ter, hot, dry weather accompanied by hot winds 
set in, which not only hastened the maturity of the wheat but also 
inhibited the rapid development of rust. Consequently the losses 
from rust during 1922 were negligible. Somewhat comparable con- 
ditions occiirredln 1923 and 1927." In both years normal temperatures 
prevailed for optimum infection after primary uredia were found. 
Moisture, however, was deficient in eastern Nebraska in 1923, but 
in western Nebraska where temperatures and rainfall were above 
normal a severe rust epidemic occurred. In 1927 a deficiency in 
rainfall during late June and early July inliibited the further develop- 
ment of stem rust over the whole State. 

On the other hand, only a small amount of initial inoculum reached 
Nebraska in 1924 and 1928. Primary uredia were not found until 
long after the plants were headed, and although the wheat ripened 
late, mean temperatures were too low for the rapid development of 
many generations of urediospores, so that only a trace of wheat stem 
rust occurred in Nebraska in these ^mars. Thus in 1922 an epidemic 
was averted after a large amount of inoculum reached the State 
during the hot, dry weather, whereas in 1924 and 1928 the small 
amount of initial inoculum arrived too late to cause an epidemic. 
In general, it may be stated that temperature is the limiting factor 
for primary infection, whereas moisture is usually the limiting factor 
for secondary and succeeding infections in Nebraska. 

A stem-rust epidemic is possible only with the following combination 
of factors: (1) A large amount of initial inoculum reaching Nebraska 
e.t a time when environmental factors favor maximum infection; 

(2) wheat entering the heading stage the first week in June or there- 
after with primary uredia appearing at about this same time; and 

(3) an extended fruiting period during wdiich temperature and mois- 
ture favorable for the development of many urediosporic generations 
prevail. 

SUMMARY 

A study of the time and length of the fruiting period of wheat in a 
28 - 3 ^ear period shows that stem-rust epidemics did not occur in eastern 
Nebraska when winter wheat headed prior to, or during the first 
week in June and ripened before the first of July. The short fruiting 
period prevented the development of many urediosporic generations, 
and the environmental factors conducive to early maturity of winter 
wheat usually inhibited the rapid development of stem rust. These 
years may be classed as rust escaping. Rust epidemics occurred 
during occasional years witliin tliis period but were not correlated in 
all instances with an extended fruiting period because during other 
years with the same length of the fruiting period little or no rust 
developed. 

An intensive study, over a 10-year period, of a number of factors 
influencing the development of stem rust leads to the conclusion that a 
rust epidemic is possible in the winter-wheat area of Nebraska only 
vrhen a Gertain combination of factors is present in sequence. These 
factors are : (1) A large amount of initial inoculum reaching Nebraska 
when conditions favor maximum infection and the subsequent pro- 
duction of large numbers of primary uredia over a wide area; (2) 
winter wheat entering the heading stage the first w^eek of June or 
thereafter, with primary uredia appearing at about the same time; 
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and (3) an extended fruiting period, during whicli optimum tempera- 
ture, an evenly distributed precipitation above the normal, and other 
favorable conditions are at hand for the rapid development of iiredio- 
sporic generations. 

Apparently low temperatures are the major limiting factor in the 
development of primary infection and subsequent development of 
iiredia, whereas the lack of an even distribution of sufficient pre- 
cipitation is the major inhibiting factor in the development of subse- 
quent urediosporic generations during most years. 

Fortunately the sequence of factors necessary for stem-rust epi- 
demics are fulfilled only in occasional years in the winter-wheat area 
of Nebraska. They may occur, however, in two successive years as 
in 1919 and 1920, or at intervals of as long as 12 years as in 1904 and 
1916, with none between. 




INHERITANCE OF DWARFING IN WHEAT ^ 


By D. C. Tinge Y 2 

Assistant Agrono7nistj Utah Agricultural Experunent Station 

INTRODUCTION 

Wheat crosses are made primarily to obtain new varieties of greater 
economic value. Frequentty, however, in the process of breeding for 
new varieties it is possible to obtain valuable genetic data at little 
extra cost. This secondary phase of plant breeding, that of furnishing 
a genetic interpretation for the inheritance of a character, forms the 
basis of the present discussion. 

Certain wheat crosses, involving normally tall varieties, will give- 
rise to dwarf plants in the progeny. This peculiar characteristic is 
not common to wheat alone, but, according to Waldron (1^),^ has 
been reported in the breeding of other crop plants such as maize, 
barley, oats, peas, beans, squash, and tomatoes. However, not all 
dwarfs are alike; apparently there are different types even within 
the same species. 

REVIEW OF LITERATURE 

The dwarf character in wheat usually does not appear until the 
F2 generation, although some workers have observed dwarfs in the 
Fi (^, 7, 9). 

The presence of dwarfs in the F2 and later generations has usually 
been explained on the basis of a 2-factor difference — one, a dominant 
dwarfing factor, the other an inhibiting factor. Clark and Hooker (1) 
in a Marquis X Hard Federation cross, Stephens (10) in a Federation X 
Master cross, and Stewart and Tingey (A?) in a Federation X Marquis 
cross, explained their results on the 2-factor basis. Similar explana- 
tions were given by Clark and Quisenberry (2), Hayes and Aamodt 
(d), and Goulden (5) for results secured in crosses involving Marquis 
and Kota wheats. However, from a cross involving the same varie- 
ties (Marquis and Kota), Waldron (12) reported irregular breeding 
behavior in respect to the dwarf and tall plants, the ratios obtained 
in F3 being 3:1, 13:3, 55:9, 15:1, and 63:1. These results he ex- 
plained on the basis of a 3-factor difference — one factor the normal, N,, 
and the other two complementary dwarf factors, A and D, both of 
which are inhibited in expression in the presence of N. Since this 
explanation does not account for all the ratios obtained, Waldron 
further concluded that the genes concerned are in a labile condition, 
often changing from dwarf to normal, and vice versa. In a ChulX 
Marquis cross, Goulden (5) found that two factors were involved. 
He obtained ratios in the F3 which were difficult to explain on this 


1 Received for publication Mar. 29, 1932; issued February, 1933. Contribution from the Department 
of Agronomy, Utah Agricultural Experiment Station. 

2 The writer expresses his appreciation to Mrs. Blanche C. Pittman for reading and correcting the manu- 
script and to Margaret Richards for calculating the data presented in the tables. 

3 Reference is made by number (italic) to Literature Cited, p. 94. 
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basis, but cytological studies gave evidence that lagging chromosomes 
were present in most of the cells undergoing reduction division. 
This, he believed, would account for the irregular breeding behavior 
in the F3 generation. 

From a stiid}^ of the proportion of dwarfs in the F2 generation of 
two crosses, Quality XJenldn and JenkinX Marquis, as well as of two 
back crosses (QiiaiityX Jenkin) X Quality and (Jenkin X Marquis) X 
Marcpiis, Florell (4) concluded that there was a 3-factor difference 
between normal and dwarf. Neethling, according to Matsuura (8), 
reported that in tall X tall crosses he obtained in the F2 generation 
S dwarfs in a total of 31 plants, or what was considered a 1:3 ratio. 
However, so few individuals are unreliable as a measure of the true 
ratio. Furthermore, these same data, if an}^ reliance can be placed 
on results obtained with so few plants, are within the limits of the 
error, when considered on a 13:3 basis. If the study had been con- 



FiGiiRE l.—Homozygous dwarf plants (B) in comparison with the two parents, Dicklo'W (A) 
and Hard Federation (C) 


tinued into the Fs generation, the question as to whether the true 
ratio is 3:1 or 13:3 would have been answered. 

EXPERIMENTAL METHODS AND MATERIAL 

Crosses were made and carried through the different generations in 
the usual way. ^ Pollen from the anthers of a single spike was used to 
pollinate the stigmas of a single spilce. All seedings were made in the 
field. The genetic composition of the F2 generation was determined 
by the breeding behavior of the F3. In a number of crosses height 
data -were taken on the F2 plants, and a biometrical study was made of 
these data. The F3 generation usually consisted of 200 or more rows 
except in some of the tall X dwarf crosses, where this number was not 
available. Each F3 row was seeded from a single F2 plant. The num- 
ber of F3 rows is shown in the various goodness-of-fit tables. The F3 
rows were usually 12 feet long and the kernels were spaced from 2 to 
3 inches apart. This gave from 25 to 70 mature plants to the row. 
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In studying the goodness of fit, the ^ test as giyen Fisher (8) 
was used. 

The dwarf plants referred to in this paper were somewhat variable 
in height, leafiness, and time of maturity. In these respects they 
were similar to tall varieties. Some dwarfs were short, grasslike 
clumps with fe^v culms, which matured little, if any, seed; others 
were short but not so grassy" and matured considerable seed when 
grown under favorable conditions; still others were rather grassy 



Figure 2.— Relative length of the lower second or third internode in tall (A) and dwarf (B) plants 


clumps with one or two culms nearly as long as those of the tall 
varieties. The last-mentioned type is usually heterozygous. In 
Figure 1 are shown some dwmrfs from a homozygous row in com- 
parison with the tall parents. 

The dwarfing characteristic is the result of a shortening of^ the 
second or third internode near the base of the plant; sometimes 
both internodes are so shortened that the nodes appear to be almost 
together. (Fig. 2.) The upper internodes are somewhat shorter 
in dwarfs thaii in tall plants, but less markedly so than the lower. 
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EXPERIMENTAL DATA 

The data reported were obtained from a study of 92 different 
crosses involving some 50 or more strains and varieties of wheat. 
Detailed genetic studies, however, have been made of only a com- 
paratively few^ of these 92 crosses. A number of varieties have been 
intercrossed in such a way as to provide an additional test of the 
breeding behavior of the character under consideration. The genetic 
composition of strains and varieties has been studied in three 
different ways: ( 1 ) By the usual method of studying the breeding 
behavior in the F 2 and F 3 generations involving tall X tall crosses; 
( 2 ) by studying the breeding behavior in the F 2 and F 3 generations 
with tall X dwarf crosses; and (3) by intercrossing varieties in differ- 
ent combinations. 

TALL X TALL CROSSES 

Of the crosses in which both parents were tall, 36 gave dwarfs in 
F 2 . Eleven of these were studied. In 4 of the 11 the genetic com- 
position of the F 2 dwarfs was determined by the F 3 breeding be- 
havior, but in the remaining 7 only the tall F 2 plants were seeded 
for study of the F 3 . These 7 crosses involved winter wheats. It 
was difficult to secure seed from dwarf plants grown under dry-land 
conditions, and for this reason it was not possible to continue the 
study of the dwmrfs into the F 3 generation. 

Table 1. — Classification of F 2 plants into tall and dwarf and the calculated test 
for goodness of fit based on a 13:3 ratio 


Cross 

No. 

Parents 

Class 

Ob- 

served 

Calcu- 

lated 


P 

23a 

Dieklow X No. 4 Sevier No. 121 

fTall... 

407 

86 

400. 6 
92.4 

jo. 4535 

1 . 2614 

0. 50-0. 70 

\Dwarf 


35c 

Dicklow No. 3 X F-22 (DieklowXSevier). 

/Tall 

212 

208.8 

. 50- . 70 

\T)warf 

45 

48.2 

39a 

Dicklow No. 3 X Hard Federation 

jTall - 

256 

252.7 

58.3 

I . 2299 
} . 0199 

. 50- . 70 

IDwarf 


55 

47e 

Marquis X Hard Federation - 

/Tall 

216 

216.9 

. 80- . 90 

IDwarf 


51 

50. 1 






Spring-Wheat Crosses 
F a data 

Seed from the dwarfs in the spring-wffieat crosses grown under 
irrigation generally germinated well if planted reasonably early. 
Height measurements were taken on the F 2 plants in the four spring- 
wheat crosses involving tall parents, and the plants were classified 
as tall and dwarf. The results of this classification are shown in 
Table 1 . In Table 1 the data are fitted to a 13 : 3 ratio. The assump- 
tion is that the contrasted characters, tall and dwaid, differ by two 
genetic factors — a dominant dwarfing factor (DD) and an inhibiting 
factor (//). When two varieties are crossed and dwarfs occur in 
the F 2 generation, it is thought that one parent must carry both 
dominant factors, DDII, and the other must carry both recessive 
factors, ddii, Vlffien these two types are crossed and the Fi is selfed 
the theoretical genetic composition and breeding relationships shown 
in Table 2 should be obtained. This table indicates that theo- 
retically at least the F 2 phenotypic ratio should be 13 tall :3 dwarf. 
If this be true, a similar segregating ratio would be expected when 
certain tall varieties are crossed. (Fig. 3.) 
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Figure 3.— Results in Fi and F 2 from a tall (d(in)Xtall (DDII) cross; A, Dicklow parent (ddn)\ 
B, Hard Federation parent (DDII); C, Fi tall (Ddli); D, F 2 dwarf, 3; E, F 2 , tall, 13 


Table 2, — Theoretical breeding behavior based on a actor difference, one a domi- 
nant dwarfing factor {DD) and the other an inhibiting factor (//) 


Zygotes; DDII (tall) X ddii (tall); Fi, Ddli (tall)] 


F 2 phenotypic ratio 

Propor- 
tion of 
F 2 geno- 
types 

Geno- 

type 

F 3 breeding behavior 

Fa breed- 
ing ratio 


1 

DDII 

Tall 



2 

Ddli 

do 



1 

ddll 

-_--.do - 

1 7 

13 tall .. 

< 2 

ddli 

do 

1 


1 

ddii 

do 

] 


4 

Ddli 

13 tall : 3 dwarf 

4 


2 

DDIi 

3 tall : 1 dwarf... 

2: 


f 2 

Ddii 

1 tall : 3 dwarf 

2 

3 dwarf 

\ 1 

DDii 

Dwarf 

i 

Total 

16 



1 16 

! 


The four crosses studied in Fo approximate this proportion of tall 
and dwarf plants. (Table 1.) The test for goodness of fit shows 
the Yalue of P to be large enough in all cases for the proportion of 
tall and dwarf to be considered well within the range of the sampling 
error. If P is between 0.1 and 0.9, there is no reason to suspect the 
hypothesis tested; and even if the value of P is as low as 0.05, the 
discrepancy is not serious (S). 

f3 data 

Seed of both tall and dwnrf F2 plants from each of the crosses 
listed in Table 1 was sown. Theoretically, if the 2-factor difference 
{DDII Midi ddii) is the correct explanation for the inheritance of 
(iwarfing, then the segregation in F3 should be as shown in Table 2 ; 
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that is, the F3 rows should give a ratio of 7:4:2:2:L The 7 should 
all be tall: the 4 should segregate 13 tall : 3 dwarf; 2 should segregate 
3 tall: 1 dwarf; 2 should segregate 1 tall : 3 dwarf; and 1 should be true 
dwarf. 

Eatios of 13:3 and 3 : 1 are so nearly alike that it would be difficult 
to know which was the true one \vithout further tests, unless large 
niiiiibers of individuals were available in each case. In the F3 rows, 
however, the number of plants is usually rather small; therefore, an 
attempt to classify the rows segregating 13:3 and 3:1 would be of 
doubtful value. It may appear that the deviates in the two ratios 
would tend to overlap; however, since these two ratios occur in the 
proportion of 4 : 2 , an error is introduced, for the overlapping deviates 
would be more in one direction than in the other. In view of these 
complications, no attempt has been made to separate these two 
classes in the F-j population. When the two classes are combined, 
the ratio becomes 7 : 6 : 2 : 1 instead of 7 : 4 : 2 : 2 : 1 , The goodness-of-fit 
tests are shown in Table 3 . Here again the value of P is in all in- 
stances sufficiently large to be well within the expected limits. 

Table 3. — -Good?! ess of fit from Fs breeding classes based on a 7'.6:2\1 ratio obtained 

in various crosses 


Cross 

No. 

23a 

35c 

39a 

47e 


Parents 


Dickknv No. 4 X Sevier 121 

Dicklow No. 3 X F-22 (Sevier X Dicklow) 

Dicklow X Hard Federation 

Alarquis X Hard Federation 


Observed 


210 

197 

56 

30 

107 

98 

29 

14 

135 

116 

34 
20 

lOS 

107 

35 
16 


Calculated 

x' 

215. 7 
184. 9 
61. 6 

[ 1. 4723 

30.8 

) 

108. 5 

1 

93. 0 
31. 0 

[ . 5637 

15.5 

] 

133.4 


114. 4 
38.1 

[ . 5252 

19.1 

J 

116. 3 

1 

99.7 

33.2 

i 1. 2461 

16. 6 

J 


P 


0. 60-0. 70 

. 90- . 95 


. 70- . SO 


Winter- Whe.\t Crosses 

Seven of the winter-wheat crosses segregated for tall and dwarf in 
the F2 generation. The dwarf plants weie not carried into the F3 for 
reasons previously mentioiied. Because of this it is possible to deter- 
mine only the breeding behavior of the tall plants. The proportion 
of tall and dwarf plants in the Fa generation in the winter-wheat 
crosses was extremely variable, owing possibly to the abnormal 
development wffiich took place under dry-land conditions. Since the 
dwarf plants w^ere usually short grassy clumps, it was difficult to 
determine in some cases whether the small dead plants were dwarfs 
or whether they were potentially tall plants that had been winter- 
killed. This uncertain ty of classification in Fg would introduce a 
serious error and thus make the goodness-of-fit test unreliable, whereas 
in F3 it was much simpler to list true-breeding or segregating rows, 
since more plants were involved ; consequently, the F3 data should be 
reliable. 
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Fa DATA 

On the basis of the data shown in Table 2, the tall F2 plants should 
segregate in F3 in the proportion of 7 (homozygous tall) :6 (segregat- 
ing). Fitted to this expected 7:6 ratio, the results from the seven 
crosses are shown in Table 4 . The value of P is 0.1 or more in all 
cases. From these and the preceding results it appears that the 
2-factor theory explains the inheritance of dwarfing in these crosses. 
Consequently, the genetic composition of the tall parents which 
on crossing throws dwarfs in F2 are DDII and ddii. 


Table 4. — Goodness of fit for two classes: (1) True breeding tallf (2) segregated tall 
and d warf {13:3 and 3:1 classes) in F 3 generation based on a 7:6 ratio 


Cross 

No. 


Parents 


Do. 


Ridit X Sevier 59. 
do 


DoJ 
70a,. -I 
^03a.J 
107a„ 


Ridit X rtae 

do - - 

Ridit X 14-S5 (Federation X Sevier) 

Federation X Martin 

Federation X Hohenheimer 


Class 

i 

Ob- 

served 

Calcu- 

lated 

x' 

P 

fTalL... 

i 131 

134. 6 

}o. 2086 

0. 50-0. 70 

'i Segregating 

119 

115.4 

rTalL- 


159. 9 

1 .1139 
}..1717 
} . 3309 

. 70- . SO 

) Segregating, 

140 

126 

137. 1 

/Tall.V...: 

129.2 

. 50- . 70 


114 

1 10. 8 

fTall 

207 

212. 7 

. 50- . 70 

ISegregating 

188 

, 182. 3 ' 

fTalL.'... ...J 

136 

134. 6 

j- .0316 

. 80- . 90 

(Segregating 

114 

115.4 

fTall 

151 

156. 2 

•> 

. 50- . 70 

(Segregating 

139 

133. 8 

I . 3752 
} . 232S 


117 

120. 6 

. 50- . 70 

(Segregating 

107 

103. 4 




TALL X DWARF CROSSES 

Tall X dwarf crosses were made to determine more definitely 
whether or not the 2-factor theory is correct and also to ascertain 
which variety or varieties carry the dwarfing factor. These tall X 
dwarf crosses are listed in Table 5 . Bomozygoiis dwarfs were used 
as the dwarf parents. The tall parents w-ere varieties that had 
been used in previous studies of tall X tall crosses. 


Table 5. — Varieties used in the tall X dwarf crosses and type of plants in the Fi 


Cross No, 

Female parent 

Male parent 

1 

; Fi tall or dwarf 

60--- 

Dicklow No. 3 

Q 100-4 (dwarf) ------- 

1 Dwarf. 

Do. 

Do. 

Do. 

Do. 

Do. 

Tall. 

Do. 

Do. 

Dwarf. 

61 

do i 

Q 114-14^3 (dwarf) 

62' ---- - 

do 

Q lOO-l (dwarf) 

63 

do, - 

Q 114-13* (dwarf) 

64 ! 

do 

Q 136-17-1 (dwarf) - 

65-- 

do - -- - 

Q 10CP2 (dwarf) 

96. 

Federation . 

39a-304 (dwarf) 

97-- 

Sevier No. 59._. 

do 

98 

Hard Federation. 

do 

99-- - 

Marquis 

do— — 





If the tall X tall crosses segregating for tall and dwarfs in F2 are 
DDII and ddii, then the homozygous dwarf should be DDvi. The 
genetic composition and theoretical breeding behavior of these 
Z>P /7 (tall) X PPn (dwarf) and ddii (tall) X DDii (dwarf ) are shown 
in Table 6. It will be noted that both of the tall types differ from 
the dwarf in only one factor pair. Hence, crosses with dwarfs ought 
to give ratios of either 3 tall:l dwarf (or 1:2:1) or 1 tall : 3 dwarf 

156376— 33 — -e 
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(or 1:2:1) in Fo and a ratio of 1:2:1 in Fa . The Fj genera tion will 
show the genetic composition of the tall varieties, since the genetic 
type DI)// (tall) X DDH (dwarf) cross will give DDIi, which will be 
tall in Fi, whereas the genetic type ddii (tall) X UDii (dwarf) will 
give Ddii, which will be dwarf in Fi. (Figs, i and 5.) 


Table Q,— ■Genetic composition and theoreiicai hreeding behavior of tall {DDII) X 
divarf (DDii) and tall (ddii) X dwarf (DDH) 


Parents 

\ 

1 F2 phenotypic ratio 

Fs breeding behavior 

Dwarf X tall (Dl)IT). 

Dwarf (DBii) X tall (ddii).). 

\ tali (DRIi) 

’ dwarf (Ddii) 

' 3 tall ; 3 dwarf or fl : 2 : 1).„. 
1 tall ; 3 dwarf or ( 1 : 2 ; 1).„ 

1 tall, 2 segregating, 1 dwarf, 

1 tall, 2 segregating, 1 dwarf. 


F2 Data 

The F2 data secured from studies involving two genetic types of 
tall crossed with dwarf are given in Table 7. It will be observed that 
in all cases the goodness of fit as measured by P is 0.10 or more. 
Figures 4 and 5 show the results of crossing each of the tall types 
DDII and ddU with dwarf. 

Table 7. — Goodness of jit for two Fa phenotypes based on ratio of either 3 tall : 1 dwarf 

or 1 tall : 3 dwarf 


Cross 

No. 

Parents « 

Fi 

Fo class 

Observ- 

ed 

Calcu- 

lated 


P 

60a 



/Tall 

9 

10.2 

}o. 1880 

0. 50-0. 70 



1 Dwarf 

32 

30.8 

60e 

do...., 


(Tall 

/Dwarf 

11 

11. 7 

} . 0558 

. 80- . 90 




36 

35.3 

60g 

do .... . 


/Tall 

15 

13 

} . 4103 

. 50- . 70 



\Dwarf 

37 

39 

96a 

1 Federation X dwarf {39a-304) 

Tall 1 

/Tall 

iDwarf 

193 

63 

192* 

64 

} . 0207 

. 80- . 90 

97a 

Sevier 59 X dwarf (39a-304) 

(Jo 

fTall. 

197 

193. 5 

} . 2532 

. 50- . 70 



1 [.Dwarf 

61 

64. ,5 

98 i 

Hard Federation X dwarf (39a-304).-. 



/Tall 

181 

ISO 

1 . 0723 

: . 70- . 80 

i Dwarf.... 

59 

60 

99 1 

Marquis X dwarf (3tt-304). 

Dwarf 

fTalL 

55 

46. 5 

|2. 0717 

1 . 10- . 20 

/Dwarf.... 

(0 

131 

139. 5 

63b. 1 

Dicklow X dwarf (ql 14-13) 

...do 












a Numbers in parentheses refer to dwarf number. » Difficult to classify. 


Fs Data 

Both tall and dwarf plants were seeded for a study of the F3 progeny. 
The data obtained were fitted to the expected ratio of 1 tall :2 segregaV 
ing:l dwarf. (Table 8.) It is obvious that in all crosses, except 
63b, Dicklow X Dwarf (ql 14-13) the observed ratios fit the expected 
when tested by xK The plants in the F2 generation of this cross were 
difficult to classify. Dominance was apparentlv incomplete. The 
F2 plants varied in length of culm from dwarf to tall. Some plants 
developed an unusually heavy vegetative growth. In this respect 
they resembled the dwarf type, yet these same plants had culms 
ranging in length from those characteristic of dwarfs to those char- 
acteristic of the tall varieties. Because of this difficulty, goodness- 
j^-fit data for cross 63b in the F2 generation were not "included in 
Table 7. 
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Figure 4.— Results in Fi and Fs from a tall (DDII) X dwarf (DDi?): A, Hard Federation parent 
(DDII); dwarf parent (DDH); C, tall Fi (DDIi); D, Fa dwarf, 1; E, F 2 tall, 3. Compare with 
Figure 5 



Figure 5.— Results in the Fi and F 2 from a tall (ddii) X dwarf iDI>n} cross: A , Dieklow parent 
(ddii); B, dwarf parent C, dwarf Fj {JDdii); D, Fa tall, 1; E, F 2 dwarf, 3. Comparewith 

Figure 4 
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Table 8 . — Goodness of fit for three Fs breeding classes based on a 1:2:1 ratio as 
ohiavtml in various crosses involving tall and divarf types 


Cross 

No. 

Parents ® 

Class 

Observ- 

ed 

Calcu- 

lated 

X"’ 

P 

6C)a 

Dicklow X dwarf (rilOO-4}- ■ 

(Tali 

•Segregating: 

1 Dwarf 

9 

21 

11 

10.2 
20. 5 
10.2 

1 0. 2161 

0. 80-0. 90 



Tall 

11 

11.5 

1 



On 


21 

23.0 

j- .7391 

I 

. 50- . TO 



iDwarf..-- 

14 

11.5 



Tall 

1.5 

13.0 


60? 

do 

'1 Segregating. - 

97 

26.0 

> 1. 1385 

.50- ..70 



1 Dwarf 

10 

13.0 

1 





32 
81 I 

31. 5 

1 


63b : 

Dicklow X dwarf fq] 14-13) 

I Segregating 

63. 0 

|16.0159 

. 0001- . 0003 



[Dwarf 

13 1 

31.5 


06 

Federation X dwarf (39a-304) 

(Tail 

i' Segregating 

65 

12 s I 

64.0 

128.0 

1 .0312 

. 95- .98 



'[Dwarf,..; 

63 : 

64.0 




TTall— 

74 ' 

66. 5 

1 2. 2331 


97 

fSpvipr nO V 3f)4^ 

Spp’rpp’ati n P’ 

135 i 
57 : 

133.0 
66. 5 

. 30- . 50 


k 

[Dwarf 



(Tall 

54 i 

60.0 

] 


9S 

Hard Federation X dwarf (39a-304) 

d Segregating 

[Dwarf 

127 

59 

120.0 

60.0 

[ 1.0250 

. 50- . 70 



(Tall 

52 

45. 7 

1 


99 

\T;irqMis V dwarf (39n-304l 

t^p.gregating 

SI 

50 

91. 5 


. 20- . 30 



[-Dwarf 

45. 7 

j- 2.4780 









« Numbers in parentheses refer to dwarf numbers. 


Some of these intermediate types of plants, when seeded in F3, 
segregated for tall and dwarf; others bred true for tall; and still others 
bred true for dwarf, though the dwarfs were taller than usual. A few 
appeared to breed true for this intermediate characteristic. However, 
when plants were selected from these and seeded in F4, some bred 
true for tall, others for dwarf, and still others segregated, thus sho’w- 
ing that these intermediates were heterozygous. The true-breeding 
tall plants selected from these intermediate rows appeared shorter 
than the tall parent used in the cross. This shortening of the culm 
length Blight be traceable to Hard Federation, since this variety was 
one of the original parents used in the cross from which was selected 
the dwarf plant employed as a parent in cross 63 b. There are, doubt- 
less, factors other than the dwarfing factor which influence the length 
of culm, since there are varieties with different culm lengths which 
show no dwarfing characteristics; likewise, there are dwarfs with 
different culm lengths. 

It is interesting to note from the goodness-of-fit studies in Table 8, 
that in cross 63 b (Dicklow X dwarf), the number of true-breeding tall 
plants was almost exactly as expected. By grouping the other two 
classes (the segregating and the dwarf) into one, a good fit to a 3 : 1 
ratio is obtained. The discrepancy in this cross is due to the fact 
that there are too many in the segregating group and too few in the 
true dwarf group on the basis of a 1 :2 : 1 ratio. This discrepancy may 
be accounted for by assuming that some natural crossing took place 
in the field among the F2 plants. This is a perfectly logical assump- 
tion, since it has been shown that in some wheats, under certain con- 
ditions, there may be a high percentage of crossing ( 7 ). Crossing 
occurs more often on abnormally than on normally developed spikes. 
Abnormally developed spikes are more or less common in dwarfs. 
It was on just such plants as these (dwarfs) that natural crossing is 
believed to have occurred. The Dicklow !§ known to be of the Idii 
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type. The Fi plant was a dwarf and consequently should have given 
a ratio, in Ih, of 3 dwarfs : 1 tall, or 1 : 2 : 1 if dominance was incomplete. 
Thus, all tall plants in Fo should breed true for tallness in F3. Two of 
the F2 dwarfs should segregate in F3 and the third should breed true. 
It so happened, however, that a larger proportion segregated. Obvi- 
ously, it could be supposed that when the F2 plants were in bloom 
pollen from tall plants fell on the lower dwarfs and caused fertilization. 
If pollen from a tall plant, dd^ were to fertilize a dwarf, DD, a dwarf 
or intermediate plant in F2 would result. Instead, therefore, of 
being DD (true dwarf), it would be and consequent^ would seg- 
regate in F3, thus giving a proportionately higher percentage of 
segregates than would have occurred under normal self-fertilization. 
Part of this effect would be counterbalanced if heterozygous dwarfs, 
Dd, were pollinated by tall plants, dd, since the proportion of dwarf 
and tall would be reduced from 3 dwarf :1 tall to 1 dwarf :1 tall. 

It would be very difficult for the pollen from the dwarfs to fertilize 
the tall plants. Moreover, the spikes on the tall plants develop more 
normally, thus excluding the possibility of an}' appreciable number of 
tall plants being fertilized by pollen from dwarf plants; consequentl}", 
this group would behave normally, thus accounting for the close 
approach to the expected ratio. 

NATURAL CROSSING BETWEEN TALL AND DW’-ARF PLANTS 

Since it was suspected that natural crossing occurred, and since this 
provided a logical explanation of the irregular breeding behavior of 
one of the tall X dwarf crosses, it appeared desirable to determine 
whether or not there was natural crossing from tall to dwarf plants. 
In one part of the grain nursery a series of rows was sown with seed 
from homozygous dwarfs and from the original tall parents of the 
cross from which the dwarfs had been selected. The dwarf strain in 
one of these rows had been grown for several years and had been used 
in a number of tall X dwarf crosses. Seed from this dwarf was sown 
about 4 feet from Hard Federation. Since Hard Federation is of the 
DDII type, it was possible to determine whether or not crossing 
occurred by simpty making seedings from plants selected from the 
dwarf row. This was possible because of the fact that the eomposition 
of these dwarf plants is DDii and any crossing that might occur with 
a DDII (tall) plant would give rise to a plant of the composition 
DDE] that is, a tall plant. 

Twenty-five plants were chosen at random from the dwarf row, 
and seeds from each were sown the following year in single 12-foot 
rows. This gave about 40 mature plants to the row. A similar row 
wars sown from 2-37^ear-old seed of the kind sowui to produce the dwarf 
row from wdrich selections w^ere made to test the amount of natural 
crossing with Hard Federation. Later in the season it wus obvious 
that natural crossing had occurred, since 13 of the 25 row^s, or 52 per 
cent, contained both tall and dwarf plants. (Table 9.) In these 25 
roW'S the percentage of natural crossing ranged from 0 to 7.6, with 
an average of 1.8. The row planted from 2-year-old seed contained 
no tall plants. 

Further evidence of natural crossing was found w^hen a study was 
made of the inheritance of dw^arfing in F3 row^s, for in some row^s one 
or twm tall plants were observed, w^hereas all were expected to be 
dwarfs./' ■ 



86 


Journal oj Agricultural Research 


Vol. 46 , No. 1 



CULM LENGTH ( CENTIMETERS ) 

Figure 6. — Distribution of culm length of the F2 plants for different breeding classes in F3 in the 
cross Dicklow 3 X F-22 (Sevier X Dicklow). (F or convenience a whole number was taken for the 
class center) 

BIOMETRICAL STUDY OF HEIGHT IN TALL AND DWARF F2 PLANTS 

Height measurements were taken on the longest culm of each Fa 
plant in a number of crosses. These plants were later classified on 
the basis of the Fj breeding behavior. Statistical constants were cal- 
culated for each class. (Table 10 and figs. 6 to 10.) In the crosses 
Dicklow 3 X Hard Federation and Marquis X Hard Federation, the 
range in dwarf plants in Fj was distinctly outside that of the tall 
plants. (Table 10.) The range and the mean height for the segre- 
gating or heterozygous dwarfs were not materially different from 
those for the homozygous. There was considerable overlapping of 
tall and dwarf in the Dicklow 3 X F-22 (Sevier X Dicklow) cross. This 
overlapping of tall and dwarf was characteristic also of the Dicklow 
3 X Hard Federation. 
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CULM LENGTH (CENTIMETERS ) 


Figure 7.— -Distribution of culm length of the Fs plants for different breeding classes in Fa in 
the cross Dicklow 3 X Haid Federation. (For convenience a whole number was taken for the 
class center) 



CULM LENGTH (CENTIMETERS ) 

Figure 8.— Distribution of culm length of the F 2 plants for different breeding classes in F3 in 
the cross Marquis X Hard Federation. (For convenience a whole number was taken for the 
class center) 
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CULM LENGTH ( CENTIMETERS ) 


Figure 9. — Distribution of culm length of the F2 i)lants for different breeding classes in Fa in 
the cross Dicklow X Dwarf (qlOO-4). (For convenience a whole niiinber was taken for the 
class center) 



CULM LENGTH (CENTIMETERS ) 


Fctre lO.—Distribution of culm length of the F 2 plants for different breeding classes in Fa in 
the cross Dicklow X Dwarf ((1114-13). (For convenience a whole number was taken for the 


Table 10 . — Frequency distribution for the height of the F-j plants for various breeding classes in 
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Dwarf plants are considerably more va-riable than tall jdaiits,, as 
is shown by the coefficient of variability. Crosses 69a and 70a were 
both grown on the dry farm; these phints show less vniriability tlian 
spring-planted crosses grown under irrigation. 

INTERCROSSING VARIETIES AND THEIR BREEDING BEHAVIOR WITH RESPECT TO 

DWARFING 

In regard to dwarfing in wheat it may be concluded tliat tlie 2- 
factor theory provides a logical explanation for the inheritance of 
this character. Obviously there a, re two types of tall varieties: 

(1) When tall X tall crosses produce dwarfs in Fa and subsequent 
generations, the genetic composition of the parents is DDII and ddvi; 

(2) when tall X tall crosses fail to produce dwarfs the parental types 
are both either DDII or ddii and, therefore, dwarfs are not to be 
expected. In addition to these, there appears to be at least one 
other type, and possibly more. This conclusion is based on a study 
of intercrossing varieties some of which were known from previous 
studies to be of a certain genetic composition in respect to the dwarfing 
character. In Tables 11 and 12 are shown all the crosses upon 
which the conclusions herein reported are based. In Table 11 are 
listed those crosses that gave rise to dwarfs in the progeny, and in 
Table 12 those that did not. Of the 92 crosses, 36 produced dwarfs 
in the progeny. 

Table 11. — Crosses that gave rise to dioarjs in and subsequent generations 


Cross No. 


Female parent 


Male parent 


A to Q 

Dicklow - 

1 

do 

Q 

do 

23a 

Sevier 121 

31 - 

Mnrpuis .. 

35 

Dicklow No. 3 

36 

do - 

39 . 

Hard Federation _ _ . 

40 

'Turkey 

47. 

M!ar<|uis 

49 - 

Hard* Federation 

50 

Federation 

.53 


56 

G~149 (Dicklow X Sevier)..,. 

57 - „ . 

M'artin - ... . . 

67 - ...... 

Ridit 

68 

do - 

69 - 

do 

70...,. 

do - 

72 

... .do 

76 

Hard Federation 

103 ... 

P’ederation 

No number... I 

Hard Federation ... 

10.5 

do 

Nonumber.. _..j 

Federation 

107... - - 

do - 

113 - 1 

Ridit 

116 1 

.....do - 


117.. do. 


118..... do. 


Sevier. 

Federation. 

Hard Federation. 

Dicklow No. 4. 

Federation. 

F-22 (Dicklow X Sevier). 
Sevier No. 59. 

Dicklow No. 8. 

Federation. 

Hard Federation. 

Hussar. 

Do, 

Ille-B (Dicklow X Scivier). 
Martin. 

G-M9 (Di<!klow X Se.vier). 
Sevier No. .59. 

ISaNllH tKimriMi X Sevier). 
Utac (Dicklow X Sevier). 

14-85 (Federation X Sevier). 
Federation. 

Ridit, 

Martin. 

Hohenheimer. 

Heil Dickkopf. 

Do. 

Hohenheiiner. 

15a"261 (Kanred X Sevier), 
l5a-890 (Kanred X Sevier). 
16a"1429 (Odessa X Sevier). 
I6a-1607 (Ode.ssa X Sevier 101). 
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Table 12. — -Ci'osses that did not give rise to dwarfs in the 'progeny 


Cross No. 

Female parent 

4 to 14 - 

Federation. 

15 - 

Kanred 

16 

OdevSsa. 

17 

do - _ - 

18a - 

Federation .. 

18b 

do 

18c ~ . - 

do 

18d 

do 

18e 

do 

28 

do__ . - 

29 

G~149 (Dicklow X Sevier) 

30 

Federation. 

32 

Hard Federation 

33 

Kota 

^4 

Hard Federation .. 

38 - 

Q-149 (Dicklow X Sevier) 

41 

Odessa. 

42 

do. . 

43 

Hussar 

51 

Kanred 

54 

Ridit - 

59 

Hybrid 128 X White Odes.sa 

66 

do - 

71 

Ridit 

73 

Federation 

84 

do 

87 

Hope 

88 

Preston C, I. 3081 

89 

01-24 « - 

90 - 

Dicklow’' No. 3-- 

91.. 

Hope 

92 

Preston G. I. 3081 

93 

.do - 

94 

Marquis 

100 

Silvercoin 

101--- 

Goldcoin 

102 

Ridit 

104 

Goldcoin 

106. 

Silvercoin 

108 - 

do - - 

109 - 

Hard Federation 

no 

Forw’ard- 

Ill 

do 

112 

Ridit- - 

114 

do 

115 

do - 




Male parent 


Sevier. 

Do. 

Sevier No. 101. 

Sevier No. 59. 

Do. 

Do. 

Sevier No. 88. 

Sevier No. 80. 

Sevier No. 100. 

F-22 (Dicklow X Sevier). 
Federation. 

IIIe-18 (Dicklow X Sevier). 
Kota. 

Hard Federation. 

F-22 (Dicklow X Sevier). 
Hard Federation. 

Do. 

Federation. 

Turkey. 

Hussar. 

Kanred. 

Do. 

Sevier No. 59. 

Turkey No. 989. 

Forward. 

5-(59-3 (Federation X Sevier). 
Dicklow No. 3. 

Federation. 

14-85 (Federation X Sevier). 
01-24«. 

Federation. 

Dicklow No. 3. 

01-24«. 

Dicklow No, 3. 

Heil Dickkopf. 

Hohenheimer. 

Silvercoin. 

Sevier No. 59. 

Do. 

Kanred. 

Forward. 

Hohenheimer. 

Heil Dickkopf. 

I5a~267 (Kanred X Sevier). 
15a“400 (Kanred X Sevier). 
15a~883 CKanred X Sevier). 


“ Probably Dicklow X Federation, parents not known. 


A New Genetic Type, ddll 


111 the tall X dwarf crosses it was established that Dicklow and 
Marquis are of the ddn type, while Federation, Hard Federation, and 
Sevier 59 are of the DDII type. Thus, the results of some of the 
following ci^osses are difficult to explain if only two types of tails 
exist: 


Hope X Dicklow 3-- 

Hope X Federation 

Preston X Dicklow 3 

Preston X l^ederation 

01-24 X Dicklow 3- 

01-24 X Preston 

Silvercoin X lieil Dickkopf _ 
Goldcoin X Hohenheimer--- 

Silvercoin X Sevier 59 

Goldcoin X Sevier 59 

Hard Federation X Forward 

Hohenheitner X Forward 

Federation X Hohenheirner- 
Federation X Heil Dickkopf, 


No dwarfs in progeny, 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Dwarfs in progeny. 
Do. 
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Since Dicklow 3 is of the ddii type, and when it wa.s crossed with 
Hope no dwarfs appeared, Hope would be expected to be dd;ii. How- 
ever, the fact that Federation is of the DDII type and \vheii crossed 
with Hope gawe no dwarfs proves that Hope is not of ti;uyf/fhr ty|-n^ 
It is evident that Hope could not be d(Ui in one cross and. DDII in 
another. However, if it is considered that Hope is oi the new typ(> 
ddll, then dwarfs are not expected in either cross since ddm X dd 1 1 
and DDII X ddll would not throw dwarfs. This is due to tlu^ laid, 
that in the first cross there is no dwarfing fa,ctor present and in tlve 
second cross the inhibiting fac-tor, //, would always’ be present. 
For the same reason Preston wmuld also be of the ddll ty])e. 

The fact that Dicklow 3 X 01-24 and 0.1-24 X 14-85 (Federation X 
Sevier) gave no dwarfs makes it appear logical to conclude that 
01-24 is of the ddll type. Federation X Hohenheimer gave dwnirfs; 
therefore, Hohenheimer is of the ddii type. However, both Goldcoin 
(Fortyfold) X Hohenheimer and Goldcoin X Sevier 59 gave no 
dwarfs; and, furthermore, since Sevier 59 is of the DDII type Gold- 
coin must be of the new" type, ddlL By a similar analogy Silvercoin 
and Forward are of the new" type, ddlL Thus it is apparent tha t 
there are at least three genetic types. A genetic classification of 
strains and varieties into the three types is given in Table 13. Tlie 
ddll type is readily obtained when the other two types, DDII and 
ddii, are crossed. 

Table 13. — Genetic classification of xolieat varieties ami strains used in the various 
crossesj based on their hehavior to the dwarfing versus tall characters 


DDII 


ddii 


ddll 


Federation 

Hard Federation 

Kota 

Odessa “ 

Sevier 

Sevier 59 

Sevier 86 « 


Dicklow 

Dicklow 3 

Dicklow 4 

Heil Dickkopf. 
Hohenheimer, 

Hussar 

Marquis 


Sevier SS« — 

Sevier 1()0« 

Sevier 101“ 

Utac (Dicklow X Sevier) 

in C-S (Dicklow X Sevier)-. 
HI CN18 (Dicklow X Sevier)« 

F~22 (Dicklow X Sevier) 

0-149 (Dicklow X Sevier) 

5-69-3 (Fe»deration X Sevier). - 
14-85 (Federation X Sevier) - 

15a“2C>l (Kaiired X Sevier) 

15a™31S (Kanred X Sevier)—. 

15a-890 (Kanred X Sevier) 

lf5a- 1429 (Odessa X Sevier)—. 
16a--1607 (Odessa X Sevier).— 
Hybrid 128 X White Odessa^. 


Martin ..i 

Hid it, 

Turkey 

ddll key 989“ - - 


Forwaird. 

Goldcoin. 

Hope. 

Kanred, 

Preston 3081. 

Silvercoin. 

01--21 (possibly Dicklow' X Fed 
oration) . 

15a-2f»7 (Kanred X Soviet ). 

15a '400 ( Kanred X Sevier). 
15a"8S3 (Kanre.(l X Sevier), 


“ Some of these may be of the new type, ddll. 


It will be seen from the classification of strains and varieties in 
Table 13 that strains 15a~267, 15a-400, and 15a-883 are of the new 
type {(Mil) coming out of a Kanred {ddll) X Sevier {DDII) cross, 
whereas 15a-261 and 15a~890, out of the same cross, are DDII. 

Strain 01-24 (possibly Dicklow X Federation) is of the new ddll 
type. If Dicklow and Federation are the true parents of 01-24 
we have a new genetic type of tall (ddll) produced by crossing ('Mil 
(Dicklow) and DD/J (Federation). 
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To determine further whether the proposed genetic composition of 
the new type is correct, crosses involving dwarfs and the new t^^pes 
were made. Theoretically, the F2 should give a 13:3 ratio and the 
F3 the usual 7:6:2: 1 (7:4:2:2:1) ratio. However, the data from 
these crosses are not yet available. 

It is not to be inferred from the data in Table 13 that this is a final 
classification. It is possible that some modification may be necessary 
as additional information becomes available. However, the genetic 
interpretation proposed provides a logical explanation of the data 
secured from a detailed study of the 15 crosses as well as from obser- 
vations on 63 others, involving 50 strains and varieties of wheat. 

SUMMARY 

The results of a genetic study of dwarfing in wheat secured from 15 
crosses and from observations on the occurrence of dwarfing in 77 
others are reported. 

Dwarf plants are grasslike clumps and are rather variable, espe- 
cially as to height, leafiness, and earliness of maturit^n Dwarfing is 
the result of a distinct shortening of either the lower second or third 
internode or both. Studies in the F2 and F3 generations in four 
spring-wheat crosses gave results which were explained on a 2-factor 
basis; that is, a dominant dwarfing factor, DZ), and an inhibiting 
factor, 11. 

From a study of the F3 breeding behavior of the tall F2 plants 
from seven winter-wheat crosses, it was concluded that the dwarfing 
character could be explained on the usual 2-factor basis. 

Results secured from four tall X dwarf crosses gave further proof of 
the 2-factor theory for dwarfing and also established the genetic 
composition of a number of varieties in regard to this character. 

One tall X dwarf cross gave irregular breeding behavior in F3. The 
ratio expected was 1 (tall) : 2 segregating : 1 dwarf. It happened that 
there were too many in the segregating class and too few in the true- 
breeding dwarf class. These results were explained on the assump- 
tion that natural crossing of tall and dwarf plants had occurred in the 
Fo generation. Data are presented showing that natural crossing of 
tall and dwarf plants may be of common occurrence. 

A biometrical study of the culm length of Fg genotypes, based on 
the F3 breeding behavior, is presented. The dwarfs in two of the 
crosses were distinctly outside the range of tall plants. In the other 
crosses there was considerable overlapping. In length of culm dwarf 
plants were considerably more variable than tall plants. Tall plants, 
in spring-wheat crosses grown under irrigation, showed slightly more 
vaiiation in length of culm than did the tall plants in winter-wheat 
crosses grown under dry-land conditions. 

Intercrossing varieties, some of known genetic composition, gave 
conclusive evidence that among the tall plants there are more than 
those of the DTJII and types. The new type ddl I . It is 
readily p-roduced by crossing the other twn types (DDJ/ and ddvh). 
With this additional type it was possible to explain the breeding 
behavior observed in all the intervarietal crosses studied. 

A tentative genetic classification in respect to dwarfing is presented 
for the varieties and strainsnsed in the crosses, 
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COMPARATIVE SEROLOGICAL AND PATHOLOGICAL IN» 
VESTIGATIONS OP THE FIRE-BLIGHT ORGANISM AND 
A PATHOGENIC, FLUORESCENT GROUP OF BACTERIA^ 

By H. 11 . llomNy I and W. L. Bleeokicr, Head of Depariment 

of Bacteriology and Veterinary Science^ Arkansas Agricultural Experiment Station 

INTRODUCTION 

One of the most vexing problems in bacteriological research is the 
identification of the bacterium under investigation. As long as writers 
continue to describe new species on the basis of a few unverified or 
even verified cultural, physiological, or morphological differences 
within a given group of bacteria, the problem is likel}’' to remain 
complex and almost insolvable. On such a basis of identification and 
classification one is justified in considering almost every isolate in 
certain groups of bacteria as representing a distinct species. 

The value of serological investigations as an aid in identifying and 
classifying various human and animal pathogenes has been recognized 
for about 40 years as a, highly important and almost indispensabre pro- 
cedure. Within recent years plant pathologists have likewise uti- 
lized such tests to some extent and in a few instances have conclu- 
sively showTi {21, 22, 26, 27, 28, 29Y that important clues to the 
identity and relationship of various perplexing plant pathogenes can be 
furnished by serological investigations. In view of the extensive series, 
of consistent results here reported, it is hoped that, aside from the infor- 
mation obtained concerning the bacteria under investigation, these will 
offer additional evidence, if any more is needed, of the value of such 
studies in determining relationships among bacterial plant pathogenes. 

For the last six years the senior writer has been studying the highly 
destructive disease of pears and apples known as fire blight. Part of 
these studies consisted of the gathering of empirical field data relative 
to the prevalence and destinictiveness of the disease, varietal and 
species behavior of hosts, the observance of overwintered cankers and 
blighted organs of various types, the relationship of such blighted 
tree parts to the location of ne\v infections, the relationship of insect 
carriers and rain and wind to disease dissemination, and observance of 
the organs first to show signs of the disease in the early spring. Dur- 
ing the first three years of these investigations it was assumed that 
when a flower, leaf, twig, or limb of the proper host showed signs of 
blighting and the presence of bacteria within the tissues, fire blight 
was present. In many instances this was abundantly confirmed by 
pure culture isolations, type of growth reactions of the isolates on 
various culture media, chemical reactions, pathogenicity tests, and 

1 Beceived for publication Mar. 24, 1932; issued February, 1933. Research Paper No. 286, Journal 
Series, Arkansas Agricultural Experiment Station. 

2 Reference is made by number (italic) to Uiterature Cited, p. 117. 

3 The very convenient term ‘‘isolate" recently proposed by Brierley (7), is adopted because it avoids the 
use of the word “strain " which is often used indiscriminately to designate a genotypic or phenotypic vari'* 
ant, and also to designate a particular organism isolated at a given time without reference to its taxonomic 
position. “Isolate" is applied specifically to the latter. 
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morphological studies. Oyer 200 of such isolates were studied ^ and 
the external and internal symptoms of the natural infections Irorn 
which they were derived amply observed, as were the artiiicial iniec- 
tioiis induced by them. Yet no suspicion arose until two years ago 
that the maladies considered as one disease may possibly comprise 
two distinct diseases induced by two different species of bacteria. 

DISCOVERY OF TWO DIFFERENT BACTERIAL DISEASES OF POMES 

IN ARKANSAS 

The possibility that two bacterial diseases occur on pears and 
apples first presented itself in a study of the blighting of unopened 
pear and apple blossoms. When such blighted blossoms yu".re found 
during the first few years of these investigations, the disease was 
attributed to frost or insect injury or to the fire-blight pathogene, 
and so recorded {34-) ^ Not until the data for several years had ac- 
cumulated relative to the absence of infectious exudate at the time 
of the first spring blossoms (So, 36) and not until it was observed 
that with rare exceptions fire blight appeared first on fully oi)e, net! 
blossoms, many of which had already been pollinated ana. had set. 
fruits, did it seem worth while to study thoroughly those exceptional 
cases in which closed blossoms of early season formation were blighted 
and in which bacteria, presumably Erwvnia a/mnjlovora;^ were present. 
When several pure culture isolations from closed, blossoms were 
carefully investigated and compared with Eiunnia a/myloimn as to 
cultural reactio.Tis, chemical tests, morphological details, and patho- 
genicity, it was discovered that, with the exception of certain nuirked 
differences in symptoms in artificial inoculations, pigment production 
on beef-infusion agar and synthetic media, there were only slight 
differences or none at all in l^y far the largest number of tests. The 
chemical tests included those for the production of amylase, invertase, 
pectinase, ammonia, nitrite, indol, hydrogen sulphide, the digestion 
of niillc and gelatin, and acid and alkali prodiiction. Obviously, 
unless one were prepared to undertake an extensive series of trials on 
numerous culture media, any dissimilar bacterium isola ted would very 
likely be overlooked a.nd would be grou])ed with Ermhnm amylovora. 

After it was once found that bacteria isolated from early sjuing 
blossom infections on pears produced a. greenish-yellow or bluish- 
yellow fluorescent pigment on certain nutrient media,, that tlieir 
period of incul)a,tion is shorter than that of Erwima arm/lovora, and 
that they produce an intense blackish discoloration of tissues along 
veins, midribs, and laminar tissue between veins (fig. 1) consi(!erai)ly 
ahead of bacterial penetration, it wuis not difiicult to find numerous 
comparable bacteria in the early part of the growing season. Tlu' 
four isolates later referred to as Petal, Receptacle, Lincoln, and Gaiher 
are typical of this species and represent the kind of bacteria often pres- 
ent in closed, blighted blossoms of the early season, the kind present in 
early season leaf spotting, and in the blighting of young pear fruit. 

The disease, which for convenience is now designated pear and 
apple blast, caused by these early season isolates in contrast to that 
cmmed hj Erwinia amylomra, is typica% a cool-weathex malady. 
As soon as warm weather sets in it is found much less fixapiemtly. 
In this respect, the disease is quite comparable to citinis blast and 

« and rare used synonymously in this paiw 
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black pitj diseases caused by a bacterium very closely related to, if 
not indentical with, that isolated from diseased pomes, and the 
temperature relationships that have been found to exist (^5) between 
the citrus-blast organism and the size of spots on lemon fruits suggest 
a similar relationship on pomaceous hosts. 

Are the differences previously enumerated sufficient to indicate 
that the pear and apple blast disease is distinct from fire blight and 
that it is caused by a different pathogene? How may the nimierous 
points of similarity be explained? In an efi'ort to answer these ques- 
tions the serological investigations reported in the present paper were 
undertaken. 

Baumgartel (4) has found that — 


As is evident from precipitation and agglutination reactions, different kinds 
of bacteria grown on the same nutrient medium and under conditions precisely 



FifH'HK 1.— Artificiial iiiociilations on Bartlett pear with two of the iiear-blast isolatCvS used in tlie 
serological tests. Recei)tacle, right; petal, left. Photographed 20 hours after inoculation. Note 
t he blackening of the tissues along the veins of the leaf near the center, a ty pical symptom of pear 
blast in artificial infections 

similar in other respects can be differentiated with respect to their proteins, so 
that with the aid of the serological reactions they can be identified without 
further difficulty. Chemical analysis, on the other hand, offers at present no 
method of distinguishing the different kinds of bacterial proteins, for the methods 
are not sensitive enough and do not give unconditionally reliable results; nor do 
they permit generalization. 

After it was determined that numerous isolates from pear blast 
(apple-blast isolates have not been so thoroughly studied up to the 
present) all produce a fluorescent pigment, as piwiously noted, a 
number of other fluorescent bacteria described previously as patho- 
genic to rosaceous plants were includecl in the serological tests, as 
well as several isolates of typical Erwinia aniylovora. The following 
fluorescent species were considered : Phytomonas syrmgae (Van Hall) 
Bergey et ak, P. (Giiffin) Bei’gey et ak, P. chtryputeale (C. 0. 
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Smith) Bergey et ah, P. papulans (Rose) Bergey et ai., F. uectoro- 
phila (Doidge) Bergey et aJ., P. ha;rkeri Bergey et ah, F. pnnnmlu 
(Worinald) Worinald, and F. uti^formica Clara. ^ A briet resume ol 


riGiTRi*; 2.— Artificial inoculations on Bartlett pear with pear-blast isolate. Receptacle (upper shoot), 
and with Phijtomonasi syrimjae on the remainder. The two middle shoots w^ere inoculated by 
means of a hypodermic needle and the lower leaves by means of a spray with a bacterial suspen- 
sion in sterile water on uninjured leaves. Compare with Figures 1 and 5 


these fluorescent bacteria, a list of assigned host plants, and tests 
involving tlie present writers' pathogenicity studies made with some 
of these organisnis follow. 


Clara calls this Pseudomonas utiformica sp. nov. 
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Cultures of Phytomonas syringae and P. citrvputeale were obtained 
from Mary K. Bryan and compared with pear-blast isolates in mor- 
phology, cultural and physiological tests, and in pathogenicity. It 
was found that, while there are some differences, the organisms as a 
whole are a rather uniform group and that the differences between 
them are no greater than those between various pear-blast isolates. 
The symptoms produced on pear and apple by the lilac-blight organ- 
ism are hardly to be distinguished from those brought about by the 
pear-blast isolates, (Fig. 2.) Likewise the s 3 nnptoms on oranges 
and lemons produced by the pear-blast organism and the lilac-blight 
organism are directly comparable with those that have been found 
for the citrus blast organism. The culture of P, citriimteale available 
to the writers apparently had lost most of its virulence, as it produced 
ro noticeable infections on orange or lemon fruit; and although 30 
hypodermic injections were made into succulent Bartlett-pear shoots, 
only three shoots showed small more or less localized lesions as a 
result. The culture produced no infections on unwoimded pear 
leaves or twigs in contrast with pear-blast isolates and the lilac-blight 
organism (fig. 2) which readily produced infections on imwoiinded 
tissues. From one of the lesions produced on pear by P. cdtrvpnieale 
the organism was reisolated, and when it was again inoculated into 
pear it caused somewhat larger spots to appear. 

Wormald furnished a culture of his organism, which, he named 
Phytomonas prunicola, and for the last year or more, December, 1930, 
to February, 1932, it has been carefully studied simultaneously with 
various pear-blast isolates, as well as with P. syringae and P. citripu^ 
teale (P. cerasi was unavailable). A very characteristic reaction of 
all of these is the production of a greenish-yellow, bliiisli-yellow, or 
bluish-green fluorescent pigment on beef-infusion agar and on various 
synthetic media, including Uschinsky’s solution. The amount and 
quality of pigment varies somewhat with the different isolates and 
even with the same isolate at different times, and what one individual 
would class as green pigment may very readily be classed as yellow 
by another. As a matter of fact, the fluorescent pigment may be 
visualized as predominantly blue, green, or yellow, the color, aside 
from any true difference in strains or isolates and from the factor 
commonly known as the personal ecpiation, depending on the quality 
and quantity of light in which the cultures are observed. Thus, 
while Wormald describes the pigment of his organism as yellow in 
Uschinsky^s solution, the senior writer would call it opalescent or 
fluorescent greenish blue in transmitted light, and when culture tubes 
are held alongside of liidgw^ay’s color charts,^ a diffuse, reflected 
northern light being used, the color falls between Chrysolite green 
and Kildare green. The color also varies witli the age of the culture. 
It would appear, tlierefore, that on the basis of pigment production it 
would be impractical to separate P. prunicola from P. cerasi and from 
the other organisms named above. As will be more fully discussed 
later, P. prunicola can hardly be distinguished from P. syringae and 
from the pear-blast pathogene either in pathogenicity tests (figs. 3 
and 4) or in cultural reactions, and the serological tests further 
emphasize its relationship to this group. 


0 Ridgway, R. color standards and color nomencxatdbe. 43 p., illus, Washington, I), C., 1912. 
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PREVIOUS INVESTIGATIONS ON THE FLUORESCENT BACTERIA 

The lilac-bligiit organism, Phytomonas syrmgae, first desciib Ijj 
Van Hall in 1902 (19) and more recently t)y Bryan (b), is not. only 
pathogenic to lilac but also to pear and apple, clierry (Fru n i/s nuthdleb ) , 
poplar (PopuJus /ligm), buckwheat (Fagopyri/m esci/l/jifiini), and 



Figures.— Artificial inoculations with Phytomonas prunicola, the English plnm-wilt organism, on 
Bartlett-pear shoots. Compare with Figure 1 


orach (AiripUx horiensis) , as Van Hall determined in artificial inocu-- 
lations. In addition to these hosts it has been found by Smith 
(.^0, 4I) to attack citrus, producing symptoms that are 
giiishable from those produced by the citrus blast and i)la,ck-[)it 
organism, P. citriputeale. In cultural characteristics the latter 
organism showed great similarity'^ to the lilac-blight orgaiiism. 
Smith likewise found a similar relationship witJi tlio {)atJiogene 
concerned in gummosis and canker of stone fruits, P. cerad (41)^ 
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Witli each of these three organisms, P, syringae, P, citri/puteale^ and 
P. cerasij he produced artificial infections on Prunus armeniaca^ 
avocado, Chalcas exotica , Coprosma bcmeriy Jasminwm primulmurn^ 


Fig LIRE 4.-- Artificial inoculations on orange, by means of needle pricks, with pure cultures of 
Erwinia amylovora (A), pear-blast isolate, Receptacle prunkola (C), and chocks, 

steiile water (D). Photographed six days after inoculation. Note absence of infection with 
Er. amylovora and in checks, and the typical black-pit infections, characteristic of citrus blast, 
with pear-blast isolate and with n, pr^^nicofa 

Fraxinus Jioribunda, lemons, oranges, tomato fruit, lilac, Populus 
sp., pears', and apples. Bryan (9) confirmed Smith's findings con- 
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ceniing the simila.-rity of P. syringae and P, citriputeale aiid decided 
that the two are indistingiiishahle. Smith, however, jointly witli 
Fawcett p. 24J)y concluded tliat “witli our present knowledge 
of this group the authors would hesitate to place these three organ- 
isms in a single species.’’ 

A fluorescent bacterium was described in 1917 by hose (;>/) as the 
cause of a blister spot on apple fruits. He named it I^unolmrionas 
papulam oYid. presented some evidence indicating tliat a, scauiy bark 
disease on apples may be due to the same or closely related organisms. 
Ill 1924, Rhoads {SO), describing the disease known as apple nnoisles 
and including under this a scurfy-bark type, concluded tluit it does 
not appear to be caused by any microorganism but is a nonparasitic 
(physiologic) disturbance. Hopkins^ working in Soiitli Africa re- 
ported in 1927 a bark disease of apples consisting of blisterlike lesions 
which make their first appearance at the bases of tlie trees, whence 
tliey spread upwards and girdle the trunks. He also found tlie 
disease on young twigs and noted the similarity of bark syinptoins 
to fire blight and to Rose’s scurfy-bark disease. Several isolations 
from the spongy layer under the loosened epidermis gave ‘^practi- 
cally pure cultures of a bacterial organism,” and comparable bacteria 
were isolated from otlier portions of the lesions. He succeeded in 
producing typical infections with these and in recovering tlie organism 
from the artificial inoculations. Some of the isolates produced a 
fluorescent pigment on certain media, while others were free from 
tliis, though, he evidently decided that all the isolates represented 
but one species and tliat it was distinct from Erwinia aniylowra and 
Phytoniorias papuImisS^ Lacey and Dowson (20, p. 36) in 1931 
described a bacteiial canker of apple trees in England and concluded 
that tlie causal organism which produced a fluorescent pigment on 
some media ^Hiears a certain likeness to B. amylovorus, but it is re- 
garded as identical with Ps. papulans Rose.” 

In view of the doubt thrown upon the etiologic relationship of 
Phjtomonas papulans by Rhoads and others, it may be desirable to 
record briefly that several isolations made by the senior autlior in 
October, 1924, from blackish depressed spots on Stayman Winesap 
apples gathered at Gravette, Ark., yielded cultures of a fluorescent 
bacterium that produced comparable symptoms on apple fruit wlum 
inoculated by means of needle pricks. These isolates have siiua^ 
been lost and will not be further considered. 

A bacterial disease of pear blossoms in England was first lirielly 
described in 1913 by Barker (1), and amplified by Barker and Grove 
(2) in 1914, who recorded, in addition to an attack on pear blossoms, 
a leaf spotting, and a dieback of spurs. Also, ‘Hhere is reason to 
believe tliat a number of other plants are susceptible,” iTicluding 
flowm-rs of apples, cherries, gooseberries, and plums. Tliey furth 
concluded that the causal organism is disseminated liy bees and other 
insects, as they obtained the typical species of bacteria in 50 per cent 
of the cases when a number of bees that had been caught while work- 
ing on pear blossoms were introduced on culture media in Petri 
dishes. They also claimed to have found the organism in the soil 
of fruit plantations- Cultural and morphological characters were 

7 HopinNs, C, J. AN APPLE DISEASE occuRiNG IN THE ELGIN DISTRICT. Union So. Africa Darit, Akf. 
Sci. Bill. (M, 17 p., ilius. 1927. [ Mimeographed. | 

s Hofikins uses the terms BacUlus amylovorur^ and “ PHeudomonas papularifiP 
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presented, including the production of a greenish fluorescence on 
glucose-peptone media. The organism, however, was not named 
until 1924, when llerridge (6) called it Bacillus harkeri. 

While the senior writer lias been unsuccessful in producing infec- 
tions with Phytomonas harkeri on either pear flowers or succulent 
twigs or leaves with two different cultures, one supplied by Barker 
and the other by St. John-Brooks, curator of the national collection 
of type cultures (Great Britain), nevertheless, there is good reason 
for believing that at least some of the isolates investigated by Barker 
and Grove represented a pathogenic species. Doidge {12) succeeded 
in producing black spots on pear receptacles with the culture that 
Barker and Grove sent. W'ormald^s {47, p. 131-132) brief report 
of a bacterial blossom wilt of pears and a bacterial fruit rot of cherries 
in England, with symptoms '^similar to those of a disease which has 
been studied at the Long Ashton Research Station,'^ indicates that 
a bacterial disease of pear blossoms is present in England and that 
it is produced by a fluorescent pigment bacterium, since Wormald 
reports that the isolates are closely related to his Pseudomonas 
prunicola. 

In 1917 Doidge {12) described a bacterial blight of pears in South 
Africa and named the causal agent Bacterium nectar ophilum. A 
comparative study of Barker and Grove’s organism and the South 
African one was made with reference to cultural and physiological 
reactions and morphology. At the same time the published accounts 
of Erwinia amylovora were used as a further guide. The main dif- 
ferences noted between the South African organism and the English 
one were the presence of capsules in the former, none in the latter 
(Smith and Fawcett {43) report that citrus, Primus, avocado, and 
lilac isolates are all encapsulated), the optimum temperature for 
growth, given as 25^ to 30° C. for the South African organism and 
15° to 18° in the English, and absence of gelatin liquefaction in the 
first and its presence in the second. (When the citrus-blast organism 
was grown continuously on potato-glucose agar for a year or more. 
Smith and Fawcett {43) found that its ability to liquefy gelatin is 
decreased or is absent.) However, the rods are comparable in size, 
both are polar flagellated, both produce a fluorescent pigment, 
though this is more noticeable in the South African pathogene, and 
both present similar cultural and physiological reactions on a rela- 
tively wide range of culture media. The twm isolates of Phytornonas 
harkeri which the senior writer studied and which were found to be 
nonpathogenic under greenhouse conditions of relatively high tem- 
peratures, nevertheless grew very well at incubating temperatures of 
25° to 30° C. on various culture media. As the writers have been 
unable to procure cultures of Bacterium nectar ophilum imm Miss 
Doidge, it is somewhat hazardous to make any positive statement 
relative to the relationship of the South African pear blossom-blight 
producer to other described pear pathogenes, but the fact that it 
belongs to the fluorescent group and possesses numerous other 
features characteristic of the bacterial pathogenes typified by the 
pear-blast organism, suggests that for the present it would be prefer- 
able to consider it a closely related variety or strain. 

In 1930 Wormald (4d) described a bacterial disease of plums in- 
volving a wilting of shoots and a spotting of leaves in natural infec- 
tions. In addition to these, he also obtained a killing of buds and a 
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spotting of fruit in artificial infections with pure cultures. He 
studied the cultural characters of the pathogeiie carefully and (‘oui- 
pared them with the published descriptions of Erwin ia amylorora, 
Phytornmias y P. cerasi, and Pseudomonas^ sponyiom, lie loinui 
the group iiumber of Er. amylovora - given by Siewarl' {f 4) to be 
exactly the same as that for the English plum-wilt. ^ ()rganism, 
and the chief difference noted between the tw^o was in ^ the ar- 
rangement of flagella, that in the fire-blight pathogene being con- 
sidered peiitrichic and in the plum-wilt organism polar. As^ P. 
pruni is a ^mllow organism it is excluded from further consideration, 
and Wormald’s exclusion of Aderhold and Ruhland’s PseudAyrnonas 
spongiosa,' is doubtless justified because of their very brief and inade- 
(|uate description. But his exclusion of P. cerasi because it ‘ds 
stated to be a green organism” is not in accord with Griffirds (15) 
original description which reads, * * A chroinogenic featiire 

appears when my organism is grown on certain media, namely, a 
greening of the agar in plates, stabs, and slants ’h” 

After the writers liacl completed their studies on serological reac- 
tions of Phytomo7ias prunicola, Erwinia amyloDora, and pear-blast 
pathogene and had concluded that P. prunicola was not to be dis- 
tinguished from the latter, Smith H2) very briefly annoiinced that 
P. pyrunicolaj a culture of \vhich he had obtained from Wormald, 
was “apparently very similar to, if not identical with, * 

Bact. syringae, * * with Bact. citriputeale, and with 

Bact. cerasi Likewdse, Wilson (45) in a comparison between 

P. prunicola and two different types of isolates from gummosis lesions 
of plum and apricot trees in California concluded that Worrnald/s 
organism resembles very closely one of his California isolates. 

Shortly after the senior writer^s (S7) preliminary announcenient of 
a new pear and apple disease in North America, simulating fire 
blight, and having as its etiologic agent a pathogene belonging to 
the group typified by Phytomonas harkeri, P. necta/rophMa, and P. 
prunicola, Clara (11) published a brief account of a new pear disease 
(from New York State) caused by a greenish, lluorescent bacterivim. 
While noting that it is closely related to P. syri/ngae and other fluo- 
rescent pathogenes, he nevertheless decided that it was not identical 
with these and was a new species, Pseudoryionas uPiforinica, “ 
a comparison with the descriptions of the known species of tliese 
bacterial plant pathogenes found on pear, P6V^iirfo//n)'aa.<f bawkeri and 
Pseudomonas nectarophila, showed no identity.” 

Despite the fact that 30 years ago Van Hall (19) had found tluit 
Phytomonas syringae is capable of attacking a number of unrt'hiled 
plants including members of the Salicaceae, Polygonaceae, CJlieno- 
podiaceae, and Rosaceae, in addition to lilac (Oleaceae), his work 
has largely been disregarded, and species maldng of fluorescent 
pathogenes has continued unabated. This is in part explained by 
the fact that aside from lilac which was found naturally infected, 
the other hosts were only infected artificially by Van Hall. In other 
groups of microorganisms, such as the rusts, smuts, powdery mildews, 
and downy mildews, artificial infections on different hosts have ho- 
come widely recognized as offering valuable criteria in determining 

“ To avoid making a new combination of a somewhat doubtful species the generic name PsciKiotiionas is 
retained, otherwise it belongs in Phytomonas. 
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the identity of any given fungus. Indeed such work holds exceptional 
interest because field behavior can be predicted by means of artifi- 
cially induced infections. 

Kosen and Groves {38), using pure cultures of Erivinm amylovora, 
were able to produce abundant infections by means of artificial 
inoculations on Spiraea vatihouttei, Ohaenomeles lagenaria (Japanese 
quince), and on cultivated rose. vShortly after these results were 
published natural infections on S. vanhoilttei were found in Virginia 
{16), and private reports from California and Missouri indicate that 
such infections were found on Japanese quince and on rose. 

Among the first to investigate bacterial phytopathogenes by sero- 
logical methods were St. John-Brooks, Main, and Ehodes {39). They 
included in their studies some 13 named pathogenic species of fluor- 
escent bacteria, including Phytomonas barkeri and P. syringae, as 
well as 4 nonpathogenic isolates of Pseudomonas fliuorescens for com- 
parison with pathogenic species. Unfortunately they made no tests 
for pathogenicity, so that the question may be raised as to the iden- 
tity of at least some of their organisms. This is especially applicable 
to P. syringae, which in their experiments produced acid and gas in 
several difl'erent carbohydrate media, although several investigators, 
including Bryan. {9), Smith and Fawcett {43), and the present writers, 
have noted, no gas production for this species on any carbohydrate 
media. The production of gas by bacterial plant pathogenes is 
uncommon on such media. Of 93 species of such bacteria listed in 
Bergey’s Manual {5), only 8 are noted as producing gas. This fig- 
ure undoi.ibted.ly would be modified by closer study of the literature, 
but it is clearly indicative of the scarcity of gas producers among 
plant pathogenes. It is therefore to be questioned whether St. John- 
Brooks and his associates had pure cultures of P. syringae. 

Using 16 different types of sera, including Phytomonas syringae 
and P. barkeri against 18 antigens, including the 2 just mentioned, 
at a dilution of 1 to 100, St. John-B rooks and his associates obtained 
with P. syringae serum agglutination only against the homologous 
antigen and against P. atrofaciens, while with P. barkeri serum agglu- 
tination was noted in the homologous antigen and in P. tolaasi. In 
view of the question raised above relative to the identity of P. syringae 
among St. John-Brooks, Nain, and Rhodes A cultures and in view 
of the low dilutions attempted, higlier ones being contemplated for 
the future, one ma.y feel somewhat doubtful as to the significance 
of theii* work on tlie two organisms noted, althougli their pioneer 
efforts as a whole have been extremely valuable in calling attention 
to the importance of serological investigations of plant pathogenes. 

Goldsworthy {14) is the only other investigator known to the writers 
who has attempted serological investigation of any of the fluorescent 
bacteria previously listed. Having experienced difficulty in distin- 
guishing two different bacterial organisms concerned in the gummosis 
disease of stone fruit trees, Phytomonas cerasi, one of which produced 
a fluorescent pigment and the other did not, he decided to find out 
if agglutination tests would show the relationship between the two. 
Like other pigment producers, this one failed at times to produce 
pigment, so that the investigator could not tell which of the two 
organisms was being used at a given time. Goldsworthy found that 
the two would not cross agglutinate, and with homologous sera he 
obtained, in three cases titers as high as 5,120. Had he used a larger 
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number of isolates, it is quite probable that he would have obtained 
entirely different results in the cross-agglutination tests. 

METHODS USED IN THE SEROLOGICAL INVESTIGATIONS 

While the methods used in agglutination and precipitation tests 
are becoming more and more standardized, there are sufficient voiiia- 
tions to make it desirable to set forth the exact procedure followed. 
Only important points will be enumerated. 

In a preliminaiy test a heavy bacterial suspension in 0.85 per cent 
saline solution of one isolate of Enoima amyloimn, and a simihir 
siispensioii of a pear-blast isolate, 1 c c of each were injected intra- 
peritoneally into two rabbits in order to ascertain tlie effect of inject- 
ing live organisms. No ill effects were noted. 

To determine the agglutinating property of the norinal sera of the 
rabbits to be used, the animals, 14 in the first series and 16 in tlie sec- 
ond, were bled from the inferior auricular vein, the blood was allowed 
to clot, kept in an ice chest overnight, the clot cut from the tubes 
and centrifuged. The supernatant sera were tlien added to uniform 
bacterial suspensions in saline solution containing 0.5 per cent phenol, 
in quantities to give serum dilutions ranging from 1 to 10 up to 1 
to 5,120. The type of antigen used against a given serum corre- 
sponded to the one which was to be used later in immunizing the 
particular rabbit. All the serological tubes were then incubated over- 
night at 37^^ C. and the readings made macroscopic ally the following 
day. No agglutinations were noted in the first series. In tlie sec- 
ond series rabbits Nos. 22, 23 (Garber antigen), and 24 
syringae antigen) showed agglutination in dilutions of 1 to lO and 1 
to 20. The remainder showed no agglutination. 

Tlie density of the antigens was standardized botli in the injections 
and in the agglutination tests by comparing the suspensions in sero- 
logical tubes with a properly diluted commercial antigen of Brucella 
abortus, which had given excellent results in previous agglutination 
studies. The standard used in the final agglutination tests approxi- 
mated the turbidity of a tube containing about 2,000,000 bacteria 
per cubic centimeter, while the suspensions used for injection were 
about fifty times as heav}^. 

Two rabbits were used for each isolate, and separate aggliitiruition 
tests were run for each. 

The culture media on which the bacteria to be injected were grown 
consisted of 48-hour-old slants of a commercial dehydrated potato- 
dextrose agar, testing pH 5.75, and to avoid the possiliility of anti- 
body reaction against the protein of potato the writers followed link 
and link's {2J) procedure of using beef-extract dextrose-agar slants 
for growth of the bacteria to be used in the final agglutina tion tests. 
The latter medium was also a commercial dehydrated product, test- 
ing pH 7.2, on which the bacteria were grown for two to four days, 
varying somewhat with the different isolates. 

Five intraperitoneal injections were made into each rabbit, the 
first as a 1 c c suspension and the others, three days apart, as a 2 c c 
bacterial suspension in each injection. 

Ten days after the final injection the blood was drawn, from the 
auricular vein of each animal. It was allowed to remain in the ice 
box overnight, otherwise treated as the normal blood used as the 
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control, and the antiserum was treated in the same manner as the 
normal serum. 

Siifficient blood wa.s drawn in each case to permit reciprocal tests 
throughout, a procedure which, as will be la, ter shown, is very impor- 
tant owing to the possibility of error in some tubes, in manipulating 
more than 1,100 tid)es in rapid order. By reciprocal tests is nieaiit 
not the use of heterologous tnitigen against a particular antiserum, 
although this was of course included in the tests, but the use of a 
given oi’ganism as an antigen a,nd also as an, antiserum against all the 
other organisms included in the tests. By this method any error in 
manipulation is very likely to be detected. Thus, the results of the 
agglutination tests with Lincoln antiserum and Phytomonas prunicola. 
antigen, which are included in Table 1, are to be ciuestioned since the 
reciprocal with P. prunicola as the antiserum and Lincoln as the 
antigen shows entirely different results, the latter being directly in 
harmony with all cultural and physiological reactions of the two, as 
well as being in harmony with the very similar isolate, Keceptacle, 
which shows no such discrepancy. 

After any antigen was brought to its required density of suspension, 
it was filtered througli clean glass wool in order to remove any clumps 
or particles of media, and in a few instances where the resulting sus- 
pension was not entirely (deared of clumps by filtration, the suspen- 
sion was centiifuged and the supernatant suspension alone used in 
the agglutination tests. 

A control tube of phenolized, saline antigen without an}^ serum 
added was used in each rack and compared thinughout with the tubes 
containing the same antigen plus antiserum. No agglutination 
appeared in any of the controls. 

To make sure that contamination had not occurred in any of the 
organisms that were to be used in the serological work, and also to 
determine their pathogenicity at a given time, every isolate was 
inoculated shortly before each serological test, by means of a hypo- 
dermic needle, into three succulent pear shoots attached to growing 
Bartlett pear trees maintained in a greenhouse. Suitable controls 
in the form of hypodermic injections with sterile water were included 
in every trial. Every organism used in the first series was thus 
found to be virulent and apparently free from contaminations. 

ORGANISMS USED IN FIRST SERIES OF AGGLUTINATION TESTS 

As previously noted, the agglutination tests were made to deter- 
mine the relationship between the fire-blight pathogene, Erwinia ani/y- 
lovora, and the pear and apple blast pathogene on the one hand, and 
the relationship of the pear-blast isolates to other pathogenic, fluores- 
cent organisms on the other. 

The first series included 7 different isolates, 4 typifying the n on- 
fluorescent E-noinia ainylovora and 3 the fluorescent pathogenes. 
The Er. amylomra isolates included (1) Hlg 12/17/30, representing 
an isolate from honeycomb material gathered December 17, 1930; (2) 
Amelanchier, representing an isolate from a blighted blossom cluster 
of a cultivated species of Amelanchier gathered May 7, 1929; (3) 
Kieffer leaf spot, representing an isolate from a blighted Kiefi‘er 
pear leaf gathered in June, 1931; and (4) 728, representing an isolate 
from a Jonathan apple twig gathered March 21, 1928. The three 
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fluorescent organisms included (1 ) Receptacle, representing an 
isolate from a receptacle of a Kieffer- pear blossom gathered M.arcli 
26, 1930; (2) Lincoln, ^ representing an isolate from a blackened 
calyx cup of a young Lincoln pear fruit gathered on April 20, 1931; 
anci (3) Phytomonas prunicola, representing an isolate obtained from 
Worniald, which he found to be the cause of a blighting of plum shoots 
in England. All the fire-blight and pear-blast isolates used iji this 
series as well as in the next represent material gathered in Arkaiisa.s. 

The results of the first series of serological tests are ])r(‘S(^.iit('(l in 
Table 1. There is necessarily a great reduction in exact dcdails, 
particularly in the amount of agglutination obtained in the vaiious 
dilutions and in the range of dilutions utilized for each antigen 
antiserum. 

Table 1. — Tiicrs of the first scries of agglutination tests 
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Type of antLifen 
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1-5 , 120 

1-2, 560 

1-20 

1-SO 

1-20 


1-3, 200 

1-5, 120 

1-800 

1-80 

1-4 U 

1 10 

Araelanehier 

[ 1-3,200 

1-1, 600 

1-5. 120 

1-5, 120 

1-40 

0 

1-21) 


1 1-.5, 120 

1-5, 120 

1-5, 120 

1-5, 120 

0 

0 

1-10 

Ki elTev 1 ea f spot . 

f 1-3,200 

1-640 

1-5, 120 

1-2, 560 

0 

1-40 

1-20 


1 1-3,200 

1-800 

1-5, 120 

1-1, 2.80 

0 

0 

0 

72, S 

/ 1-1,000 

1-2, 560 

1-1, 600 

1-1,600 

0 

0 

l-SO 


\ 1-5, 120 

1-1, 600 

.1-1,280 

1-2, 560 

0 

0 

: 0 

Receptacle 

[ 1-10 
\ 0 

0 

0 

0 

0 

1-40 

1-20 

1-100 

1-1, 280 

1-1, 000 
1-2, 560 

1-1, 280 
1-1, 280 

Liiicnln 

f 1-40 

1 1-40 

1-40 

0 

1-20 

1~S0 

l-(i40 

1-800 


0 

0 

1-20 

l-SOO 

1-SOO 

1-610 

P. prunicola. 

/' 0 
\ 0 

0 

0 

1-10 

1-80 

«1~10 

1-1140 


0 

0 

0 

1-320 

«!-IO 

1-640 


_ “ The test with P. prunicola as antigen and Lincoln as antiserum is probably an error in final inaniiiula. 
tion; see the reciprocal, with P. pnirncola as antiserum and Idneoln as antigen. 


Table 1 shows that the 4 isolates of Erwinia amylovora behave 
remarkably alike with respect to agglutination tests,' and that the 
3 isolates of fluorescent bacteria, 1 Fhyto7nonas prwmola, the Knglisli 
plum-blight organism, and 2 isolates of Americiin pear-bhist pi'odu'cers, 
are also a homogeneous group. The 4 Erumriu ainyloroiv isohdes 
all show- cross agglutination, the titers of the he1(>rologu)iis ones Ixitig 
of the same order as the homologous sera antigens, iiie table alsii 
shows that the Erwima amylovora group present higlu'i' titers as a, 
w'hole than does the Huofescent group. The same striking (lilferenee 
will also be noted in the later series. 

It appears that, as far as these serological tests are concerned, t lie 
Erwima amylovora group represents a separate and distinct spe(i(‘s 
from the fluorescent group, there being very little or no cross aggluti- 
nation between the two groups. Of the 48 groups of eross-aggJntina- 
tion tests 25 showed no reaction whatever while the remaiiuleVshowed 
titers of _ such low order as to be of little significance. Serological 
wrorkers m general are in agreement that titers as low' as 1 to 160 are 
of doiibtliil value, being considered either as nonspecific group 
reactions or as indicating some process unrelated to the production 
ot specific agghitinins. 
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All the tests, with the exception of the results shown in Lincoln 
aiitiseruni and Phytomonas primicola antigen, which are evidently an 
error in the final manipulation, are in agreement that P. prunicola is 
not to be distinguished from the two pear-blast isolates, Eeceptacle 
and Lincoln. This is equally evident in the four different groups of 
tests, whether it be where Erwinia amylovora isolates are used as 
antigens and P. prunicola as antisera, Er\ amylovora as antisera and 
F, prunicola as antigens, the pear-blast isolates as antigens and P. 
prunicola as antisera, and the pear-blast isolates as antisera and 
F. prunicola as antigens. This was even more evident in the results 
of the final series in which five different fluorescent isolates, including 
F. prunicola^ were compared. The table likewise shows that the 
F. prunicola of England and the pear-blast isolates of Arkansas 
produce antibodies which cross agglutinate, the titers being of the same 
order in homologous and heterologous tests. Thus, the antiserum of 
F. yielded even higher titers of agglutination against the 

pear-blast isolates than against itself. 

The results in the first series show that Erwinia mnylovoru is a 
close, homogenous group, unrelated to the fluorescent group, and 
that in the latter Phytomonas prunicola is not to be distinguished from 
pear-blast isolates. 

ORGANISMS USED IN SECOND SERIES OF AGGLUTINATION TESTS 

A consideration of the literature previously presented clearly shows 
that Phytomonas syringae, P. citriputeale, F. cerasi^ and F. prunicola 
are closely related as far as morphological, cultural, physiological, and 
pathological tests are concerned, although it is evident that the tests 
as a whole are far from exhaustive. Similar tests made by one of the 
writers confirm this conclusion. In addition, a number of other 
described species have been noted which apparently belong to the 
same group. An effort was therefore made to obtain all these 
organisms in order to compare them in morphological, cultural, 
physiological, pathological, and serological reactions. In addition to 
F. prunicolaj the only other organisms that the writers were able to 
obtain were F. syrmgae and F. citriputeale. Fortunately, these three 
represent considerable diversity of hosts and of geographic distributioD, 
F. prunicola^ as already noted, coming from England and having been 
isolated from plum, and F. syringae^ presumably from Illinois, with 
lilac as its host, and F, ciiripuU^^ from California, with citrus and 
avocado as its hosts. 

In order to compare these with Erwinia^ amylovora and the pear- 
blast isolates from Arkansas they were similarly treated throughout, 
grown on various culture media, subjected to difi'erent temperatures, 
tested for pathogenicity (figs. 2, 3, 4, 5) on different hosts, and finally 
compared in serological reactions. With the exception of Phyto- 
monas citriputeale, vAiioh had apparently lost its virulence, F. syringae 
and F. prunicola produced symptoms on pear, apple, orange, and 
lemon which were indistinguishable from those produced by the pear- 
blast isolates. (Figs. 1, 2, 3.) However, in view of the fact that the 
F. citriputeale isolate presented very comparable cultural and physio- 
logical reactions it was included in the serological tests. 

As a further check on the first series of serological tests two of 
the isolates ot Firuyinia amylovora previously used were included, 
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Hlg 12/17/30 and Kieffer leaf spot; and another isolate, Jonathan 
limb, obtained in June, 1931, from a blighted Jonathan a])f)lc limb, 
was added. Two pear-blast isolates, different from those used in the 
first tests, were incorporated, Petal, representing an isolate from ji 
diseased petal of a closed, blasted Kieffer pear l)lossoin gathered 


riGtRfc a ~Artificial_ inociilato on lemons with Phytomonas syringae (B); pear-blast isolate 
(D); and a fire-blight isolate, Hlg 12/1.7/30 (C), Note the infoations 
\pth P. synnga£ and the pear-blast isolate, Garber, in contrast to the lack of infections wit h 
the non virulent P. citriputeale and the fire-blight isolate ivnn 

March 26, 1930, and Garber, representing a young blasted fruit of 
Garber pear gathered April 28, 1931. 

The serological tests were conducted in the same manner as pre- 
viously described with the exception that four intraperitoneal iniec- 
tions vvere made instead of five. This, however, is not recommeniied 
since ^he titers are as a whole lower than with five iniections (Com- 
pare Table 1 with Table^2.) ' 
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Table 2.^ — 7'iters of the second series of agglutination tests 


Titers of antiserums indicated 


Ty pe of antigens 

Hlg 

12/17/30 

Jonathan 

limb 

Kieffer 
leaf spot 

Petal 

Garber 

Phyto- 

monas 

syringae 

Phyto- 

rnonas 

prun- 

icola 

Phylo- 

7m7ias 

citri- 

puteale 

Hlg 12/17/30 - 

f 1-5,120 

1-1, 600 

1-640 

0 

0 

0 

1-40 

0 


1 1-5, 120 

1-5, 120 

1-800 

0 

0 

0 

0 

0 

Jonathan limb 

/ 1-1, 600 

l-l, 280 

1-1,280 

0 

1-40 

0 

0 

0 


1 1-640 

1-2, 560 

1-800 

0 

1-10 

1-40 

0 

1-20 

Kieffer leaf spot 

h-l, 600 

1-800 

1-800 

0 

1-10 

0 

0 

0 


11-2, 560 

1-1, 600 

1-1, 600 

0 

0 

0 

0 

0 

Petal 

/1~20 

1-20 

0 

1-160 

1-320 

1-320 

1-320 

1-800 


11-20 

1-80 

1-40 

1-640 

1-640 

1-80 

1-320 

1-640 

Garber 

fl-40 

1-40 

1-20 

1-640 

1-800 

1-640 

1-320 

1-640 


1 1.-40 

1-80 

1-20 

1-640 

1-640 

1-320 

1-320 

1-640 

P. syringae.- 

ri-20 

1.-80 

0 

1-40 

1-320 

1-320 

1-320 

1-320 


U-40 

1-40 

1-80 

1-320 

1-160 1 

1-320 

1-160 

1-80 

P. prunicola 

ri-20 

1-20 

0 

1-320 

1-160 

1-320 

1-320 

1-320 


\l-40 

1-80 

1-40 

1-640 

1-320 

1-160 

1-320 

1-040 

P. citripatmle 

/ 0 

1-10 

0 

1-160 

1-80 

1-1, 280 

1-640 

1-800 


1 0 

0 

0 

1-320 

1-80 

1-1, 280 

1-640 

1-640 


Table 2 again shows the close relationship existing between the 
various isolates of Erwinia amylovora^ the cross-agglutination tests 
showing titers as high as in the homologous sera antigens. By com- 
bining these results with those of the first series it would appear that, 
irrespective of the kind of host, of the kind of tissues used for isola- 
tion, or of the season of the year when the isolation is made, the 
isolates are so remarkably similar in these serological tests as to 
suggest an old firml^^ fixed, almost immutable species. It hardly 
seems possible that this will hold true for any large number of bac- 
terial plant pathogen es, and it is to be noted that all the isolates 
came from but one State. 

There is no apparent relationship shown between Erwim/ia amylo- 
vora and the 5 Huoresc’ent isolates. Of the 60 linear series of cross 
aggliitionations between, the 3 isolates of Er. am/glot^ora and the 5 
fluorescent ones, 32 show no agglutination whatever and the re- 
mainder show that of group titer. 

On the other hand, the 5 fluorescent isolates, while evidently not 
so honiogenous as the isolates of Enoinia amylovora^ show a very close 
kinship to each other. In these serological investigations the two 
pear-blast isolates. Petal and Garber, are hardly to be distinguished 
from Phytoryionas syringae, P, yrunicola, and P. citri/puteale. Neither 
are the latter 3 to be distinguished from each other. While the 
titers of these are not so high as those in the Er. (myZorom isolates, 
the results are so similar throughout that their relationship can be 
noted in any of the tests. The heterologous sera antigens present as 
high or even higher titers than the homologous ones. Thus Petal 
antiserum at a titer of 1 to 640 agglutinates Petal, Garber, and 
P. prunicola] P. syringae antiserum agghitinates at 1 to 320, the 
highest point of its own titer, Petal, Garber, P. prunicola, and P. 
citriputeale; P. prunicola antiserum agglutinates at 1 to 320 Petal, 
Garber, P. syringae^ and P. citriputeale; and P. citriputeale antiserum 
agglutinates Petal at a titer of 1 to 800, and Petal, Garber, and P. 
prunicola at I to 640. Out of 50 different linear series of agglutina- 
tions in this whole group, 5 fail to show this relationship, and as the 
158010—33- — -2 ■ . , , 
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duplicates of 4 of these 5 show significant titers in the cross aggluti- 
nations the exceptions may be properly, questioned. The fifth, 
Garber antiserum and F. citriputeale antigen, with two titers of only 
80, are likewise to be discounted since the reciprocals run in duplicate, 
P. citrijmleale antiserum and Garber antigen, present a titer of 1 
to 640. 

COMPARISON BETWEEN SEROLOGICAL REACTIONS, PATHOGE- 
NICITY, AND CULTURAL CHARACTERISTICS 

The pathological and cultural tests, in which the senior writer, ainong 
other things, found tha-t Phytomonas prunicola^ P. syririgae, and pear- 
blast isolates are equalty pathogenic and produce similar syniptonis 
on pears, apples, oranges, and lemons, the only hosts tried, fully 
confirm and amplify the serological investigations. There can be no 
question that from the practical point of view little or nothing is 
to be gained by considering them as diflerent species. This does not 
preclude the possibility of some cultural, morphological, or physio- 
logical diflerence. They do exist in this fluorescent group to a far 
greater extent than in Erwinia arnylovora. But this is not neces- 
sarily associated with airg disparity in hosts. For exainple, the two 
pear-blast isolates, Receptacle and Petal, behave renuirkably a,li]<e, 
no matter vdiat the test may be, while the isolates, Lincoln and 
Garber, difier from these not only in amount and kind of pigment 
production but also in various other ways. Nevertheless, they were 
all originally isolated from pear, and all produce like syniptonis in 
artificial inoculations. Since the difference between these is com- 
parable to the difference in isolates on unlike hosts it appears evident 
that such differences can not be utilized in diflerentiating species 
vdthin this group. To say that P. prunicola is a different species 
from P. syringae or from pear-blast isolates because it shows some 
differences would be equivalent to saying that nearly every other 
isolate from pear blast is a different specles."^ Not only have vacations 
been found in pear-blast isolates, but almost all the previous writei’s 
have noted similar differences in isolates from the saiue liosts in this 
same fluorescent group. Both Goldsworthy { 14 ) and Wilson (fJ) 
made special studies of different isolates of P. cerasl and e;iri|)ha sized 
the differences in these when derived from the same host. Bryan (//) 
described a marked cultural difference between tv’o isolatc^s from 
lilac blight, one producing a rough, wrinkled colony, C()m])arijig with 
the feature described by Wormald (46) as characteristic of P. prumc- 
ola, and the other showing no wrinkling. She furtlier roiiml tliat 
agar colony characters of P. citrvp%iteale were no more different from 
P. syryngae than were isolates of the latter diflerent froni eacii otlier. 
Hopkins lilmwise noted a marked difference in isolates from 
the South African bark disease of apples, some producing a fluorescent 
pigment and others not, mid it has already been noted that Sinith and 
Fawcett (4S) found variation in the citrus-blast bacterium when it 
was grown for some time on culture media, changing from a, smooth to 
a vuinkled growth and gradually losing its power to liquefy gelatin. 

It IS evident that within this group of fluorescent pathogenes there 
are not only disparities between different isolates from theV same host 
but also that any one isolate may develop variations in UKirpluiiogy 


10 Hopkins, C, J, Op. cit. 
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PLATE 1 



A, Typical colonies of bacteria, 2 days old, on beef-extract agar plates, isolated directly from a 
young, blasted Garber pear fruit. Transfers from individual colonies of this rough, irregular 
type produced typical blast symptoms on pear shoots. Compare with B. X 14. B, Typical 
colony of bacteria, 2 days old, on beef-extract agar, representing a reisolation from an artificial 
infection on pear induced by the rough, irregular type of colony originally isolated from a blasted 
Garber pear fruit. Compare with A. Artificial inoculations with transfers from such single, 
smooth, definite-raargined colonies produced infections directly comparable with those produced 
by the rough, indefihite-niargined colonies. X 14. C, Erwinia amylovora Hlg 12/17/30 isolate, 
stained to show flagella. N ote the polar arrangement and compare with D . X 1,400. D, Bnoinia 
amylovora Hlg 12/17/30 isolate, stained to show flagella. Note the peritrichic arrangement and 
compare with C. X 1,400 
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and in cultural (pi. 1 , A and B), physiological, and pathological behavior 
at different times. In other words, contrasted with Erwima amylovora, 
the fluorescent pathogenes here considered represent an elastic, highly 
variable group in which species delimitation on the basis of disparity 
in hosts or in any other recognized standard of comparison appears 
uncertain, and in any large measure, almost incapable of exact 
duplication. A carefully evolved description of any isolate or group 
of isolates may not be applicable to the very same isolates at another 
time. 

The degree of infectivity as measured by the size of lesions, viru- 
lence, and loss of virulence is of interest in this group. Apparently 
Smith and Fawcett (4^) hesitated to place Phyto7nonas syringae, P. 
cerasi, and P, dtri/initeMle in one species (P. nectar ophila, P. 
papulans and P. barkeri were not considered, and P. prunicola and 
P. utiformica appeared after their publication), because artificial 
inoculation with isolates from different hosts did not always yield 
comparable sized lesions on lemons, although 

the strain of Bact: cerasi from apricot and sweet cherry and of Bad. syringae from 
lilac when inoculated at room temperature by punctures in lemon fruits, developed 
typical black pit spots that were not distinguishable from tliose produced by Bad. 
citriputeale. 

If any large number of isolates from citrus were studied alongside 
of an equal number from other hosts it is a cfuestion whether the citrus 
ones would always produce larger spots on lemons. The present 
writers have produced spots on both lemons and oranges at a tem- 
perature varying from 15^ to 17“^ C. with pear-blast isolates, with 
Phytomonas pninicola and with P. syringae (figs. 4 and 5) which were 
fully as large as those found by Smith and Fawcett for P. ciiripuieale, 
and these isolates produced spots when P. citriputeale^ owing to a loss 
of virulence, failed to produce any. If loss of virulence occurs in 
artificial cultures, is there any good reason for assuming that this does 
not occur at times in nature? Furthermore, the loss of virulence may 
not be complete, and the variation in virulence which has been noted 
by a number of investigators of this group of bacteria, notably by 
Barss (3) in P. cerasi, is clearly indicative of what may be expected 
with these fluorescent bacteria when a large number of isolates are 
carefully studied. As a matter of fact, when attempting to isolate a 
pathogene;, investigators are likely to discard a cultxire that does not 
produce noticeable infections in artificial inoculations, on the supposi- 
tion that it does not represent the pathogenic species. That this is not 
always a proper assumption has been amply shown by Patel {29) who 
found quite a number of nonvirulent strains of P. timsfaciens existing 
in nature. Burkholder {10) in speaking of bacterial plant pathogenes 
in general is obviously correct in stating that too many species have 
been described on the basis of pathogenicity to some host. 

DISCUSSION AND CONCLUSION 

The biologic reaction between a host and a given microorganism 
constitutes an important means of determining relationships between 
similar microorganisms, and it is far more specific than any commonly 
used cultural, physiological, or morphological test. Often, however, 
the reason cited for the erection of a new species is that the published 
accounts of some cultural or morphological characters do not fit the 
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organism at hand, but in only a few instances have the writers taken 
the trouble to verify the supposed differences.^ 

It is to be questioned whether sufficient difference exists in either 
pathogenicity or in cultural and physiological reactions between 
Phytoinonas syringae, P. cerasiy P. citriputealey P. papulwns, ]\ tier- 
tarophilay P. barkeriy P. prurdcolay P. utiformim and pear and a,ppl(3 
blast isolates to justif.y their acceptance as distinct species. Sufficient 
serological evidence having been presented to show that P, syrvngaey 
P, citrvputealey P. prunicolay and four pear-blast isolates are alike, it 
Avoiild seem desirable to consider these at least as belonging to one 
species, and if the excellent pathogenic and cnltural studies of Smith 
and Fawcett (fS) on P. cerasi are accepted, the guminosis pathogenes 
would also be added. It would of course be desirable to include 
fluorescent pathogenes other than those already inentioned together 
with fluorescent saprophjfles in serological studies. For the present 
the writers are accepting P. syringae as the oldest established nanie 
for this whole group of bacteria, but in view of the lack of serological 
evidence of a large number of other fluorescent bacteria this accept- 
ance must he regarded as tentative. One thing seems certain with 
regard to these fluorescent bacteria that without serological tests the 
very close relationship existing between them is very likely to be 
underestimated. While numerous investigators have called attention 
to such relationship, it is questionable, judging by the array of “new 
species” that are continuously being described, whether its true sig- 
nificance has been fully realized. 

From the taxonomic point of view, because of the lack of any 
widely accepted standards, it makes perhaps little difference whether 
one considers Phytomonas syringaCy P. cerasi, P. citriputeale, P. 
‘prunicola, etc., as distinct species or varieties, races, strains, cions, or 
physiological forms of one species. The pragmatic question remains: 
Does the lilac-blight pathogene confine itself to lilac or does it also 
attack pear, apple, apricot, plum, avocado, citrus, and other hosts? 
If it does, and the evidence here presented substantiates this view, 
then what useful purpose is served in considering some isolates within 
tins gmiip as distinct species because of cultural or physiological 
disparity? When one considers the relatively large iiinoimt of evi- 
dence which is accumulating with respect to the variability or “dis- 
sociation” of bacteria, it wmuld seem that, contrary to the ratlier 
common practice of considering a few differences as sufficient groiind 
for separating species, such differences are to be expected in any one 
species. ^ One need not accept the pleomorphism and almost endless 
variability theories of Lohnis (23, 24 , 25), Enderlein (13), or Hadley 
(17, 18) to conclude that if no differences in any group of related 
isolates have been found there is good reason for supposing that a given 
study is incomplete. 

While cultural and physiological reactions in the groups of Erwinia 
amylovora and Phytomonas syringae show close agreement, the sero- 
logical tests show practically no relationsliip between the two species. 
It has already been noted that Wormald found no diffei'ence in the 
group numbers between Ins fluorescent P. prunicola and JEV*. amylovora, 
both having exactly the same number, 211.2322033, and the chief 
reason given by Wormald for not considering them to be the same 
species is the arrangement of flagella, a character which of all bacte- 
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riological morphology, with the possible exception of capsules, is with 
the present technics apt to be most evasive and micertain. No 
flagella-staining technic knowm to the writers has as yet been devised 
which has met general acceptance, and nearly every laboratory has 
its own particular method. The senior writer has one which has been 
successfully used for a number of years and which has given some 
excellent results (38) j but it has not been published and probably will 
not be for some years because there is at present no certainty that it 
will give comparable results to different investigators and that it will 
stain the flagella of all bacterial species equally as well. This method 
when used on fifty-odd isolates of Er. amylovora shows the flagella 
to be variable in any one preparation, but the greatest number by 
far show only polar flagella (pL 1, C), and this is consistent with the 
results that have previously been published {32). Nevertheless a 
few organisms can almost always be found with peritrichic flagella 
(pi. 1, D). By using the Casares-Gil’s (Plimmer and Paine) method 
Bryan (8) finds the flagella of Er. amylovora onty in peritrichic arrange- 
ment, and some of her excellent preparations which have been made 
available to the senior writer fuliy confirm her findings. Unfortu- 
nately, however, the writers have been unable to duplicate her work 
by the Casares-GiPs method. The point to note is that, irrespective 
of the arrangement of flagella in Er. arnylovora, there is no flagella- 
staining method available at present which can always be relied on 
to give comparable results to different investigators. Consequently 
any taxonomic system which at this time is based upon either number 
or arrangement of flagella is likely to be insecure. The inclusion of 
nonmotile and polar flagellated plant pathogenes in one genus, 
Phytomonas, as adopted by Bergey et al. {5) appears to be justifiable 
from this point of view, but the separation of Erwinia because of 
flagella arrangement rests on uncertain ground. If Bacillus carotovorus 
be considered the type of Erwinia rather than Er. amfylovora, then, 
with the exception of a few anomalous species which are now included, 
the group as a whole might be classed as gas formers in carbohydrate 
media, in contrast with Phytomonas, which would include all nongas 
formers. 

While there are undoubtedly a number of cultural and physiological 
dissimilarities between Erwvuia amylovora and Phytomonas syringae, 
the number of points of agreement as previously set forth is perhaps 
as great as those within the group of P. syringae itself. Were it not 
for the marked difference in symptoms on pears, and the total absence 
of infections on citrus fruit, in the case of Er. amylowm,^ it would be 
difficult to harmonize the cultural and physiological similarities with 
the serological disparities. There can be no question that the so- 
called salient cultural and physiological tests fail to reveal the marked 
difference between the two groups. On the other hand, the agree- 
ment between the pathogenicity tests and the serological reactions is 
perhaps the very best evidence of the reliability of serological reactions 
in determining relationships among bacterial plant pathogenes. 

The writers conclude that the disease of pears and apples called 
blast is caused by the same species of bacteria that produces lilac 
blight, gummosis of stone fruits, citrus blast and black pit, avocado 
blemish, blossom blight of peai's, bacterial canker of apples, and 
bacterial wilt of plums. 
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SUMMARY 

Attention is directed to a disease of pears a.iid apples h:itherto 
iiiireported in North America , which simulates fire blight and wliicli 
is caused by a fluorescent bacterial pathogene. 

hi The disease, termed ‘Jblast/’ is noted as being most coinmoii in the 
earN part of the growing season and as affecting closed and oj)en. 
flowers, leaves, and jmiing fruits. In artificial inoc/uhitions it also 
involves blighting of tender twigs, with symptoms distinctly diffcaHMit 
froiii fire blight. 

The pathogene shows, on the one hand, numerous ciiltural and 
physiological reactions identical with those of the fire-blight organism, 
Erminia ainylovora. On the other hand, it also in large measure 
presents characteristics that have been attributed to various fliioj'- 
escent plant pathogenes, including Phytomonas syriiigae, F. cerasi, 
P. citriputeale, P. papulam, P. nectarophila, P. barkeri, P. prwrdeola, 
and P. utiformica. 

A number of isolates of pear blast were cornpared with several 
Erwinia amylovora isolates, with Phytomonas syringae, P. citriputeale, 
and P. prumcola (the only ones available), the coniparison cousisting 
of practically all the common cultural and physiological tests, mor- 
phology, pathogenicity, and serological reactions. 

This paper largely concerns itself with the serological investigations. 
Data concerning the pathogenicity tests are included, how^ever, to 
indicate the similarity of these to the serological reactions. 

Phytomonas syringae,, the lilac blight organism of Europe and North 
America; P. prunicola, the English plum- wilt pathogene; and the 
American pear-blast isolates produce symptoms on pear twigs and 
leaves that are indistinguishable. These symptoms are obtainable 
with and without wounding. The only culture of citrus blast isolate, 
P. citriputeale, available to the waiters had evidentl}^ lost its virulence. 
It produced no noticeable infections on lemons and oranges, though a 
reisolation from a very small lesion that it produced on a w^oimded 
pear twig yielded a culture which possessed a more noticeable patho- 
genicity for pear twigs. Pear-blast isolates, P. syringae and P. 
prumcola, produce symptoms on oranges and lemons that a;re indis- 
tinguishable from those produced by the citrus blast palhogcau^, 
P. citriputeale. Erwinia amylovora isolates, on the ofher hand, 
produced no infections on oranges and lemons. 

The serological tests are found to be in full agreement witli the 
pathogenicity studies. The pear-blast isolates show on one side no 
relationship to Erwmia amylovora and on the other side a very (‘lose 
kinship to Phytomonas spingae, P. citriputeale, and 1\ pr unicola. 
Including the pear-blast isolates, these four are so closely related, as 
revealed in cross agglutinations, that they are indistinguisliable. It is 
also concluded that, judging from the published accounts of P. cerasi, 
P. papulans, P. nectar ophila, P. barkeri, and P. uP^or7niea, these are 
probably also allied with the abo^c and are of questionable standing 
as distinct species. For the present the name Phytomonas syringae 
is accepted for this group. 

The significance of cultural, physiological, morphological, path- 
logical, and serological studies in differentiation of species is discussed. 

Since the^ current cultural and physiological tests are largely 
responsible for the niultipliGation of binomials of bacteria that' are 
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otherwise shown to be closety related, and since the cross-inoculation 
tests on the different hosts involved in the fluorescent bacteria under 
consideration show little or no host restriction, it is contended that no 
useful purpose is served in erecting new species on the basis of a few 
cultural and physiological differences or on assumed host relationship. 

The noteworthy correlation shown between pathogenicity and 
serological reactions is emphasized as indicative of the value of sero- 
logical investigations for determining relationships of bacterial plant 
pathogenes. 
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CHEMICAL TRANSFORMATIONS OF PHOSPHORUS IN THE 
GROWING CORN PLANT, WITH RESULTS ON TWO 
FIRST-GENERATION CROSSES ‘ 

By E. E. DeTurk, Chief in Soil Technology , Department of Agrononiy, Illinois 
'Agricultural Experiment Station; James R. Holbert, Senior Agrormnistj 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, U'nited States 
Departnient of AgricnUure; and B. W. Howk, formerly Graduate Assistant, 
Department of Agronomy, University of Illinois 

INTRODUCTION 

In the course of cooperative corn-disease investigations carried on 
by the Division of Cereal Crops and Diseases of the United States 
Department of Agriculture and the Department of Agrononiy of the 
University of Illinois, several inbred strains of yellow dent corn, Zea 
mays indentata, have been developed, which, after a number of 
generations (8 to 12) of inbreeding and selection, have become prac- 
tically uniform in most visible or external characteristics, and per- 
haps somewhat less uniform in certain functional or internal charac- 
teristics, notably their reactions to some of the disease-producing 
organisms and to exposure to low and high temperatures. However, 
it was observed that when these inbred strains were planted on 
differently treated soils the responses to fertilizer treatment were 
distinctly lacking in uniformity among the different single-ear prog- 
enies within a given inbred line, among the different plants of many 
single-ear progenies, and also among certain first-generation crosses. 
These differences were particularly striking in the case of response to 
phosphate fertilizer applications. It was at once apparent that an 
understanding of the physiological and chemical aspects of these 
differences in nutritional capacity within the same species would add 
to the knowledge of plant metabolism, and might also contribute to 
the practical end of more advantageous use of fertilizers and better 
adaptation of corn varieties or strains to soil environment. 

The work of producing the strains used and their behavior in the 
field wdll not be discussed in the present paper. This paper is con- 
cerned with a, preliininary study of the distribution of various chemical 
forms of ])hosphorus in the corn plant at various stages of its develop- 
ment, and the distribution of the total phosphorus among four groups 
of cornpoimds, organic and inorganic, in two first-generation crosses. 

TRANSLOCATION AND CHEMICAL TRANSFORMATIONS OF 
PHOSPHORUS IN THE GROWING CORN PLANT 

The vegetative period in the life of the corn plant is concerned pri- 
marily with the acquisition of inorganic substances from the soil and 
air, and their transformation into organic materials. During the 
reproductive period this process gradually gives way to a general 

1 Beceived for publication July 10, 1931; later witbdrawii for the inclusion of additional data; issued 
February, 1933. This paper is an outgrowth of studies first reported in the division of agricultural and 
food chemistry of the Arnerican CheriiicaT Society at its Indianapolis meeting, Apr. 1, 1931. The work 
reported was done in the soil fertility laboratory, Department of Agronomy, University of Illinois. 
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movement of these more or less elaborated materials into the develop- 
iiig seeds iii which is concentrated at maturity a reserve ol carbo- 
hydrate^ protein, oil, and other organic compounds. (.)f the total 
phosphorus content of the corn plant at niaturity, approxinuitely 
three-fourths is to be found in the seeds; and of the portion present in 
the seeds, three-fourths or more occurs in the form of phytin. Values 
reported b^^' Webster {4.4Y place the phytin phosphorus at 82.6 per 
cent of the total phosphorus in yellow dent corn, and 76.5 per cent in 
a white dent variety. Values obtained by the writers in yellow dent 
samples range about 83 per cent. That phytin is an important storage 
form of phosphorus in seeds is indicated by the relatively large 
amounts present in the seeds of various species. In the 11 different 
species reported by Webster, an average of 65 per cent of the total 
phosphorus was in phytin, and in only 2 species was less than 50 per 
cent of the total phosphorus present in this compound. 

The elaboration of phosphorus compounds during the vegetative 
period and the translocation and storage of this element in the seeds 
during the reproductive stage are processes in which may be found the 
l:)asis of the dift'erential response to this element of various strains of 
corn such as those previously referred to. Another possible cause of 
the observed variations in behavior towa.rd phosphate applications is 
the ability of the plants to secure the phosphorus needed for growtii 
from the compounds present in the soil and in the soil solution. This 
aspect of the problem with reference to various species of plants has 
been emphasized in discussions of absorption by plants, or the so- 
called ^^feeding-power"' of plants, by Truog {41^ 4^, 4^), Davis, 
Hoagland, and Lipnian {20), Newton {3S), and others. 

The weight of experimental evidence indicates the general absence 
of phytin in the vegetative parts of growing plants. Hart and 
Tottingham {23) were unable to find evidence of its presence in 
rutabagas or in alfalfa hay, cut in the early bloom stage, Anderson 
{2, S, 4, 5, 6, 7, Sj 9, 10, 11), ill a series of investigations on the chemical 
nature of phytin, extending over about 10 years, described its isolation 
from seeds and seed products of many plants, but did not report its 
isolation from vegetative parts of plants. The work of Rather (37) 
and of Averill and King {15) falls in the same category with Anderson's 
in this respect. One exceptional case may be noted. Hcnrici (241) 
made an intensive study of the phosphorous compounds and their 
distribution in immerous grasses. These grasses were c()lle(ff,ed in 
South Africa, where they had grown in phosphorus-dc'licueut soils 
under climatic conditions which were generally semiarid. Wluu’e the 
rainfall was about 18 inches annually, no phytin or water-soluble 
phosphorus was found in Leaves of most species. At Ermelo, however, 
where the rainfall was 36 inches, leaves of Eragrostis abensmica, 
collected in 1926, contained 0,022 per cent of phytin P2O5 by the 
Heiibner-Stadler {26) method, and 0.047 per cent of water-soluble 
p2Q6^ Young leaves of Monocymhimyr ceresiijormej taken before 
jointing occurred, contained 0,061 per cent of water sohible P2O5, 
and the phytin determination gave the same value. Later in the 
season when seed stalks had formed, the values in old leaves had 
fallen to two-thirds the original values, but still remained essentially 
identical in the two determinations, namely, 0.039 and 0.40 percent 

rRe/erence is made by number (italic) to Uiterature Cited, p. 139. 
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for pliy tin P2O5 and water ^soliible P2O5, respectively. This is the 
only instance, with supporting data, which the authors have found 
of the presence of phytin elsewhere than in developing or mature 
seeds or closely associated organs, such as pericarps. Kostychev 
(Sljp, 215-216), makes the following statements: 

Perhaps phytin or inosite phosphoric acid is to be regarded as the first product 
of the assimilation of pliosphorus. * During the ripening of seeds, a 

considerable amount of phosphorus enters the seed in the form of inorganic 
phosphates and phytin and there are formed all the compounds of phosphorus. 
These are the facts concerning the transformations and movements of phosphorus 
compounds on the basis of thorough investigations by [W] Zaleski, 

The original work of Zaleski has not been available. Scattered 
statements of the occurrence of this form of phosphorus in leaves or 
stems of plants have been seen in the early literature, but have not 
been accompanied by experimental data.^ 

The first experiments of the present authors were undertaken to 
determine the presence or absence of phytin phosphorus in different 
parts of growing and maturing corn plants. For this purpose, a 
qualitative test was considered adecpiate. The test in each case was 
carried out as follows: 

The fresh plant material was macerated and then extracted with 
2 per cent HCl. The filtered extract was then diluted to 0,6 iier 
cent concentration of HCl, and FeCb dissolved in 0.6 per cent HCl 
was added. The criterion used was the formation or nonformation, 
as a white flocculent precipitate, of the ferric salt of inosite phosphoric 
(phytic) acid. 

Tests carried out on stalks, blades, and also on the forming tassels 
and ears, when present, at intervals during the prepollination period 
gave negative results in all cases. The first of these were made w^hen 
the corn was about 3 to 4 feet high, and negative . results continued 
until after pollination. The qualitative test indicated an abundance 
of phytin in developing seeds removed from the ear two weeks after 
pollination; but only negative i-esults were obtained on shanks and 
cobs. Tests for total [)hosphorus on ignited sainples of l)oth shank 
and col), liowever, gave copius precipitates of ammonium phos- 
phomolybdate. In the case of a number of ears which were bagged, 
thus preventing the silks from being pollinated, tests of both shank 
and ear twx) weeks after pollination time revealed total phosphorus 
in abundance, but no phytin. In one bagged ear on which about a 
dozen scattered ovules had been fertilized, there was a small quantity 
of phytin in the cob outside of the few developing seeds, while within 
these scattered seeds, the phytin concentration was high. This was 
the only instance in which phytin was found in any part of the plants 
except developing or mature seeds. 

The next experiments were carried out for the purpose of observing 
the enzymatic hydrolysis of phytin during the seed-germination period. 
Seeds of a yellow dent variety of corn were placed in a germination 
chamber. Aliquots consisting of 25 seeds each were withdrawn at 
successive 24-hour intervals, and subjected to determinations of 
phytin phosphorus by the Heubner-Stadler {26) method. The results 
are recorded in Table 1. The samples were exhausted at the expira- 


y Since the preparation of the present nmniiscript, the pai)er by Knowles and Watkin has been re- 
ceived, in which are reported amounts of phytin phosphorus up to 95 per cent of the total phosphorus in the 
vegehVJve parts of wheat plants which had been dried at room temperature. 
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tion of 144 hours. A progressive decrease in pliytin is observed, 
which, by extrapolation of the curve, would presuiiuably liave ex- 
hausted the pliytin in less than two weeks. A qualitative test for 
phytiii made at about the same time on corn seedlings 4 wetdvS old, 
grown ill soil in the greenhouse, gave negative results. 

Table 1 . — Phytin phosphorus in germinating corn seeds after varying lengths of 
time in the germinating chamber 


[Total initial phosphorus in corn seeds, 0.313 per cent] 


Period in 
moist ger- 
mination 
chamber 

Ph^ain phosphorus 
present— 

Period in 
moist ger- 
mination 
chamber 

Phytin piiospliorus 
present— 

In drj' corn 

As per- 
centage of 
the total 
phosphorus 

In drj' com 

As per- 
centage of 
tile total 
pirosphoriis 

Hoiirs 

Per cent 

Per cent 

Hours 

Per cent 

Per cent 

0 

0. 277 

88. 5 

96 

0. 213 

68. 0 

24 

, 264 

84.3 

120 

«. 193 

6.L 6 

48 

.264 

84.3 

144 

«. 175 

55.9 

72 

. 254 

81.1 





« Great difHciilt 3 ' was experienced in titrating in these last 2 determinations bceaiise of obsenrinp; of the 
end point hy soluble organic matter. (See Rather (37 ) .) A method has since been devised b.v 2 of tlie autiiors 
which overcomes this diflieultj^ and which is being published elsewhere. 

These experiments indicate that phytin is not normally utilized 
by the corn plant as a form for transport, but is formed at or near the 
point of storage in the ripening of seeds, and during germination is 
hydrotyzed to its cleavage products, inositol, and phosphoric acid or 
the metallic salts of the latter, before movement into the young 
plant. 

The accepted reversibility of enzyme reactions (see Bayliss (16, 
eho.pter 5)), for instance, considered with the undisputed enzymatic 
cleavmge of phytin by phytase (1,8,18,85,40) leaves no doubt that 
phytin synthesis is an enzyme reaction. Furthermore, the fact that th(3 
beginning of this synthesis follow-s immediately after pollination and 
does not occur before pollination suggests an intimate association of 
activation of the zymogen with fertilization of the ovule. Inasniiicli as 
extremely small quantities of an activator may be sufficient to set olf 
a progressive enzyme reaction, it is not beyond the raiige of possibility 
that the pollen grain may serve as the carrier of this activator. In tliis 
connection it may be noted that Anderson and Kulp (18) have found 
that corn pollen contains nearly 1 per cent of inositol, one of the build- 
ing stones of the phytin molecule, and 0.22 per cent of inorganic water- 
soluble phosphorous, but no phytin. The remainder of the 0,63 per 
cent of total phosphorus was found to consist for the most part of 
pliosphatides. 

Inasmuch as the absence of phytin from the vegetative parts of corn 
plants is established, steps for the separation of phytin in these parts 
in the analyses hereinafter reported have been omitted. 

Table 2 records the total phosphorus content of individual plants of 
two strains of yellow dent corn grown in 1929. One of these, inbred A, 
is a parent of cross 365, to which reference is made later in this paper. 
The first-generation cross is not Isolated to either of the two strains uscal 
in the major part of this investigation, ‘While these data are inade- 
quate for statistical analysis, they indicate a fairly high degree of 
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uniformity in phosphorus content among the individuals in a given 
strain when grown under similar conditions and sampled at the "same 
stage of development. 


Table 2. — Total phosphorus content (per cent) hi tops and roots of an inbred 
(inbred A) and a first-generation cross, just before pollination, groivn on super- 
phosphate-treated soil, Shirley, III,, 19$9 


strain and plant 
No. 

Percentage phos- 
phorus in — 

Ratio of 
percent- 
age P in 
tops to 
percent- 
age P in 
roots 

Strain and plant , 
No, 

Percentage phos- 
phorus in™ 

Ratio of 
percent- 
age P in 
tops to 
percent- 
age P in 
roots 

Tops 

Hoots 

Tops 

Roots 

Inbred A: 

1 

0. 335 
.330 
.338 
.322 
.331 

0. 181 
} 188 

} A 179 

1. 85 

1.77 

1. 82 

First generation 
cross: 

4 

0. 270 
.260 
.274 
.268 
.268 

0. 206 
.197 
,203 
.184 
.191 

1.31 

1.32 
i 1.35 

! 1. 46 

1.40 

2 

2a-- ' 

5 .. 

8 

6--_ 

3a„- 

7 

jV'Tpfin 

8 

.331 

. 183 


Mean 



.268 

.196 





« Composited sample of 2 plants. 


Table 3 gives the total phosphorus content of different parts of the 
plants of two first-generation crosses used in this study at three stages 
during the season of 1930. These figures indicate an increasingly 
rapid movement of phosphorus from roots to tops as compared to 
the rate of absorption from the soil, with the approach of the repro- 
ductive stage. They also show a rapid accumulation of phosphorus 
in the ear at the expense of that in the vegetative parts up to two 
weeks after pollination, the time at wdiich the last samples were taken. 

Table 3. — Total phosphorus (per cent) in different parts of com plants of two 
first'-generation crosses, at three stages in devetop^neiit, grown on untreated, 
phor US-deficient soil near Urhana, III., 1930 


Strain and date of 
sampling and stage 
of growt.h 

Percentage of total phos- 
I thorns in — 

Strain and date of 
sampling and stage 
of growth 

Percentage of total phos- 
phoi'us in — 

Root 

Top 

Shank 

Ear 

Root 

Top 

Shank 

Ear 

Fi 365; 

Jillv 23 

0. 230 

.087 

.061 

0. 227 

.228 
«. 150 



Fi 680: : 

July 23 * 

0. 105 

. 106 
. 094 

0. 230 

. 258 
“.191 



Ang. 2 (pollina- 
tion) 

Aug. 10 



Aug. 2 (pollina- 
tion)— - ! 

0. 2SS 

7).' 4 79 

0. 341 

0. 495 

.Vug. 16 


« Ear and sliank remo\'ed at the last sariipling: entire tops Included in earlier samples. 


Throughout the period of rapid growth during the five weeks or so 
preceding pollination, a gradual decline in phosphorus concentration 
takes place in the tops, as shown by the 1931 analyses reported in 
Table 4. This decline is a result of the production of plant tissue 
at a greater rate during this time than the rate of uptake of phosphates 
from the soil. Toward pollination time, phosphorus migration into 
the developing, but yet seedless, ear gets under way. This move- 
ment continues, with a resulting high concentration in the ears in 
the samples taken 10 days after pollination. At this stage there is 
an upward gradient from the roots through the stalks and the shanks 
to the ears. (Table 3.) This high concentration in the ear is mani- 
fested in a number of samples representing different strains and eon- 
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ditions of growth, as sliown in Table 5, in wliich an average ol 0.5 
per cent is present. Mature corn seeds in comparison contain only 
approximately 0.3 per cent. (Table 1.) It is significant tliat the 
height of phosphorus concentration is reached at a time when cellular 
development is at the maximum, and in advance of the iiia^xiiriiiin 
accumulation of organic reserves. Later this concentration is lowered 
by dilution as nonphosphorized materials are laid down in the endo- 
sperm. These observations are in harmony with the finding of Cocke- 
fair {17) that phosphorus is concentrated to the greatest extent in 
the regions of greatest metabolic activity. This concentration of 
phosphorus in the partially formed seeds soon after pollination, but 
before the laying down of starch is far advanced, is of interest in the 
light of Cockefair’s suggestion of the functioning of phosphorus in 
the synthesis of starch. 

Table 4. — Trend, at successive stages of development, of total phosphorus concen- 
tration (per cent) in the ahovegroimd portion of corn plants of eight different 
strains groitm on phosphor us-deficient soil, with and without superphosphate 
fertilizer, near Urbona, IIL, planied June 7, 1931 

NO FEimLIZEK 


Designation of strain j 

Total phosphorus in samples collected on— 

July 6 

July 18 

Aug. 1 

.‘Vug. 11 » 

Aug. 22 

1 

0. 304 

0. 284 

0. 225 

0. 180 

0. 177 

2(Fi 365)-..-. i 

k 322 

fc. 284 
. 276 

k 252 

K 203 

K 192 

: 

. 313 

.225 

. 154 

. 191 

4 ^ 

.296 

, 332 

.253 

.221 

. 204 

5, 

. 341 

.334 

. 240 

. 182 

. 194 

6 - ’ 

. 376 

, 368 

. 259 

. 230 

. 179 

7(Fi 680) - 

k 408 

«>. 370 

K 279 
.252 

K 212 

K 153 
. 1.8() 

8 ' 

.404 

.292 j 

.241 





SUPERPHOSPIIATE 


1 . .. ' 

0. 365 

0.349 

0. 2()8 

0. 20<i 

0. 171 

2(Fi 365).., . 

f>. 346 

K 295 

278 

K 206 

K 186 

3 

. 376 

. 288 

. 262 

. 203 

. 195 

4 - - 

.403 

. 328 

.288 

.211 


5 - 

. 355 

. 292 

. 257 

.191 ! 

. 192 


. 381 

.327 

! 264 

, 266 

. 226 

7(Fi 680) 

422 

K 330 

K 283 

A 215 

K 181 

8 .. 

.431 

.297 

. 267 

. 23 1 

. 181 


« Thissamiile taken at about the pollination stage. This and the next set of sami)I('s, tak(ui A ug. 22, 
represent tops with the shoots or young ears removed. 

^ Compare sum of fractions in these samples, Table 6. 


Table 5. — Total phosphorus content (per cent) of shanks and ears of eight samples 
of corn grown on untreated soil which was probably not phosphorus deficient, near 
IJrhana, III. 


[Sampled August 13, 1929, approximately 10 days after pollination] 


Sample 

No. 

Description of corn 

Total phosphorus 
content of— 

Shank 

Ear 

P 1359-60 

Cross No. 598, slightly diseased; treated with Semesan Jr - 

0.356 

0.467 

P 1361-62 

Cross No, 673, grown from seed from parent plants not frosted. 

.286 

. 583 

P 1363-64 

Cross No. 573, grown from seed from frosted parent plants 

. 289 

,478 

P 1365-66 

Cross No. 365, grown from .seed removed from parent ear before maturity. 

.349 

. 464 

P 1367-68 

Cross No. 365, grown from seed removed at maturity from the same ear 
as P 1365-66. 

.333 

.536 

F 1369-70 

Cross No. 573, grown from seed removed from parent ear before maturity.. 

.297 

. 478 

P 1371-72 

Cross No. 573, grown from seed removed at maturity from the same ear 
a.s P 1369-70. 

. 314 

. 506 

V 1373-74 

Double cross No. 517 ■ 

.366 

'.497 
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CHEMICAL TRANSFORMATIONS OF PHOSPHORUS IN TWO FIRST- 
GENERATION CROSSES 

DESCRIPTION OF PLANT MATERIAL 

Two first-generation crosses were used in this study, cross 365 
(AxL) and cross 680 (A48XxA956). First-generation cross 365 had 
been recognized in previous field studies as exhibiting a pronounced 
response to phosphate treatment, indicated particularly by earlier 
maturity and also by increased yield. First-generation cross 680, on 
the other hand, had failed to respond appreciably to additions of 
phosphate fertilizers. The contrasting influence of phosphate fertil- 



FiGUiiB 1.— First-generation crosses Nos. 080 (A) and 365 (B) growing on untreated soil. The corn 
shown in Figures 1 and 2 was planted the same day and the photographs were taken the 
same day 


ization on the growth of these two crosses is shown in Figures 1 and 2, 
in w'hich relative advancement in the stage of growth is the most 
outstanding difl’erence. These crosses vrere gi*own on a phosphorus- 
deficient soil, both without fertilizer treatment and with the addition 
of 20 per cent superphosphate, applied and mixed with the soil around 
the hill at the rate of 250 pounds an acre just before the seed was 
planted. 

Plant samples were taken for analysis at three different stages in 
1930. Plantings were again made of these same strains^ in 1931, in 
another part of the same field, on similar soil and with treatments the 
same as those used in 1930. In addition to sampling at the three 
stages represented by the 1930 samples, two other sets of samples 
were taken at earlier stages in the growth of the plants. 

< The seed used in 1931 was produced by hand crossing the same parent inbreds, re-spectively, as were 
used the previous year, but after another generation of selection and selflng. 

' ■,l;5S010---33— 3.' .■ 
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FRACTIONATION OF THE PHOSPHORUS COMPOUNDS 

A procedure was worked out for separating the pliospliorus in fJiese 
samples into four fractions, making use, so far as possible, ol_ nietkods 
already published, as noted in the following discussion. Idie irac- 



Figuee 2.--Continuation of the rows shown in Figure 1 across an adjacent plot treated with super- 
phosphate at the rate of 250 pounds an acre. A, cross No. 680; B, cross No. 365 


tions were as follows: (1) The portion soluble in absolute alcohol, 
consisting mostly of lecithin together with other phospholipids; 
(2) inorganic phosphates; (3) acid-soluble organic phosphorus, which 
includes hepse-phosphate esters and possibly some easily soluble 
nucleoproteins, and (4) acid-insoluble organic phosphorus compounds. 



Jan. 15, 1933 Clieimcal Transjormaiions of Phosphorus in Corn Plant 129 


cliiefl^T- insoluble nucleic acids, and insoluble nucleoproteins which are 
not readily hydrolyzed.^ Groups 3 and 4 would also include any 
soluble and insoluble phosphoproteins, respectively, which might be 
present. Phosphoproteins, however, are not thought to exist in plant 
tissue (Osborne (SC)). 

These separations are somewhat arbitrary. Nevertheless they 
accomplish a division into rather well-defined groups, on a basis of 
chemical properties, and also to some extent with respect to plant 
functioning. 

All four of the determinations were made upon the same sample, the 
last fraction, insoluble organic phosphorus, being the total phos- 
phorus in the residue left from the last extraction. Consequently, 
the total phosphorus as determined in the original material should 
equal the sum of the four fractions. Determinations of total phos- 
phorus have been carried out on samples of the materials used for 
fractionation in the work here reported, as well as on a considerable 
number of other samples, with satisfactory agreement. The results 
of total phosphorus determinations in Fi 365 and Fi 680, as given in 
Table 4 are comparable with the sums of the fractions in Table d. 

Table 6. — Percentage of phosphorus^ separated into inorgamc and, three organic 
fractions in corn plants of iico first-generation crosses, at five stages of development, 
grown on phosphorus-deficient soil, both with and without siiperphosphate fertilizer , 
near Urhana, 111.; planted June 7, 1931 

[Samples of July 6 and IS and Aug, 1 represent entire aerial portion; those of Aug. 11 and 22 had eais 

removed! 

CORN GROWN ON UNTREATED SOIL 


Percentage of phosphorus in samples collected on-— 


Strain 
of corn 

Phosphorus fraction 

* July (5 

July IS 

Aug. 1 

Aug. 11 ® 

Aug. 22 

Dry 

plant 

mate- 

rial 

Total 

amount 

Dry 

plant 

mate- 

rial 

Total 

1 amount 

Dry 

plant 

mate- 

rial 

Total 

amount 

Dry 

plant 

mate- 

rial 

Total 
am Glint 

Dry 
plant 
mate- 
1 rial 

Total 

amount 


[Alcohol soluble 

0. 033 

10 

0. 035 

13 

0. 034 

15 

0. 017 

9 

0. 021 

12 


1 Acid solul:)le oi’ganie, . 

. 191 

60 

. 124 

47 

. 067 

29 

,064 

34 

. 042 

24 


] Add insoluble organic 

. 027 

9 

.029 

11 

.046 

20 

.043 

23 

i . 044 

25 


llnorganicu 

.068 

21 

. 077 

29 

. 085 

36 

.003 

34 

. 070 

39 


Total 

.319 

.100 

. 265 

100 

.232 

100 

.187 

100 

. 177 

100 


[Alcohol soluble 

.082 

20 

. 036 

10 

.032 

12 

.028 

14 

. 025 

14 

Fi OSO. 

I Acid soIul)le organic^- 

. 162 

41 

. 148 

41 

.078 

29 

.050 

25 

. 054 

31 

1 Acid insolulde organic 

. 044 

11 

. 051 

14 

. 056 

21 

. 048 

24 

. 043 

24 


1 Inorganic. 

.no 

' 28 

.128 

35 

. 104 

38 

.074 

37 

. 054. 

31 


Total... 

. 398 

100 

. 363 

100 * 

.270 

100 

. 200 

100 

. 170 

100 


CORN GROWN ON SUPERPHOSPnATE-TREATED SOIL 



[Alcohol soluble 

0.041 

12 

0. 035 

11 

0. 037 

.14 

0. 032 

15 

0. 024 

13 

Fi 365. 

I Acid soluble organic-. 

.147 

43 

.122 

38 

.091 

1 34 

. 051 

25 

. 051 

28 

■j Acid insoluble organic 

. 053 

15 

.049 

15 

, 049 

1 18 

.041 

20 

.052 

29 


1 Inorganic. 

. 101 

30 

. 117 

36 

.090 

j 34 

.082 

40 

.053 

30 


Total— 

.342 

100 

.323 

100 

. 267 

100 

. 206 

100 

,180 

ICO 


[ Alcohol sol Hide ........ 

.063 

15 

. 036 

11 

,041 

15 

.020 

9 

.030 

17 

Fi 680. 

J Acid soluble organic-. 

. 179 

44 

,127 

40 

. 101 

37 

. 051 

24 

. 052 

30 

1 Acid insoluble organic 

. 051 

13 

.034 

11 

.041 

15 

.042 

20 

. 039 

22 


llnorgauicL 

.113 

28 

‘119 

38 

.091 

33 

.100 

47 

.053 

31 


TotaL- 

. 406 

100 

.316 

100 

.274 

lOO 

.213 

100 

.174, 

100 


« Pollination stage, 

fi All of the piiosphorus in fraction 4 can be. brought into solution by reiliuilng witli the 2 per cent hydro- 
cldoiie aci iUeaviiig a phosphorus-free residue. 
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Tlie procedure used in separating the phosphorus into the four 
fractions is as follows : 

( 1 ) Phospholipids. Place 5 g® of dried, finely grouiid^inaterial in 
a Soxhlet extracti.on thimble and extract continiiously with a.l:)solute 
alcohol for 8 to 10 hours. Remove the Erlenmeyer flask containing 
the extract, add to it 10 ml of 40 per cent magnesium nitrate s()liiti,oi:i 
and evaporate to a siriipy consistency on the steam bath. Traiisi'ei* 
to a hot plate and heat at 180° C. until decomposition (*eas(^s. ''riien 
place in a muffle furnace heated just below redness until nitrogen 
oxides cease to be evolved and the residue is white. Reinove from 
muffle, cool, take up with dilute nitric acid, and determine phosphorus. 

( 2 ) Inorganic phosphorus. Completely dry the residue from the 
previous alcohol extraction. Transfer to a 500-ml Erlenmeyer flask 
and add 300 ml of 95 per cent alcohol containing 0.2 per cent by weight 
of hydrogen chloride gas. Stopper the flask tightly and. allow to 
stand for 3 to 5 hours with occasional shaking. Then decant most of 
the alcohol through a filter into a beaker. Wash the residue thoroughly 
with more acid alcohol by decantation. Return the portion of the 
residue on the filter paper to the main portion in the flask and save. 
Make filtrate slightly alkaline with concentrated NH 4 OH. Tlie 
phosphates precipitate out as a light, flocculent precipitate. Ijot 
stand overnight and then decant through a filter, without wasliing. 
Dissolve the residue on the filter with dilute nitric acid, allowing the 
liquid to run into the original beaker which contains most of tlie 
precipitate. When the precipitate has entirely dissolved, determine 
phosphorus as usual. This is essentially the procedure recomrnended 
by Collison (19). The acid alcohol solution is sufficiently acid to 
extract all inorganic phosphates, but without appreciable hydrolysis 
of organic phosphorus compounds. 

Various other methods for the determination of inorganic phos- 
phorus have been proposed by Posternak (36) and others, lliese 
methods consist in the main of precipitation with ammoniiim molyb- 
date in the cold with the solution only slightly acid. Collison has 
objected to this procedure on the ground that even a weakly acid 
aqueous solution of nitric acid will produce hydrolysis of some types 
of organic phosphorus compounds. Moreover, a large a, mount of 
proteinlike material is precipitated, in a king filtration diffic-ult. The 
method recommended by Collison, as above outlined, is, on tlie other 
hand, very clean cut. Both his results and the authors’ experience 
with it appear to justify its use. 

(3) Soluble organic phosphorus. To the residue from the acid 
alcohol extraction, add 150 ml of 2 per cent hydrochloric acid. Stop- 
per the flask and allow to stand with frequent shaking for three hours. 
Filter, using a Buchner funnel with suction, wash the residue thor- 
oughly with water, and save for (4). Transfer the filtrate with 
washings to a beaker. Add 7 ml of 40 per cent magnesium nitrate 
solution and evaporate to dryness on a steam bath. Then heat 
on the hot plate until fumes cease to be evolved and the residue 
is white. It should not be necessary to use the muffle. Dissolve in 
dilute nitric acid and complete the phosphorus determination in the 
usual way. Preliminary experiments by one of the authors showed 

manVpilnt^^^ or grams recently adopted by the Style Manual for United States Govenn 
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that the 3-hour digestion at room temperature with the 2 per cent 
hydrochloric acid used in separating groups 3 and 4 brought to com- 
pletion the extraction of the substances which could be removed under 
these conditions, inasmuch as other periods of extraction up to 12 hours 
gave the same results. This separation has been used by ilnderson 
(8), Rather (^7), and Averill and King (Id). Kostychev (SI) uses 
water extraction for the readily soluble fraction, presumably after 
making the alcohol-ether extraction for lipids, according to Schulze 
and Steiger (39)^ subsequently precipitating out the inorganic fraction 
by means of magnesia mixture. This scheme would involve the dif- 
ficulties mentioned above in connection with Posternak's procedure. 

(4) Acid-insoluble organic phosphorus. The residue from the 
2 per cent HCl extraction is dried, oxidized by the procedure of Howk 
and DeTurk (^7), and subjected to total phosphorus determination. 
The method used for estimating phosphorus in the various fractions 
after destruction of organic matter consists of solution of the ammo- 
nium phosphomolybdate precipitate in standard alkali and titration 
of the excess alkali by means of standard acid. 

COLLECTION AND PREPARATION OF SAMPLES 

Each sample was a composite consisting of 7 to 10 plants growing 
in hills of 2 and 3 plants each. An effort was made to select plants as 
far as possible at the same stage of development. The stage of devel- 
opment represented by the diflhrent samples necessarily varied to 
some extent because of the difl'erences in this respect in the two 
strains on any given date, especially on the phosphate plot. In 1930, 
the first two samplings (July 23 and August 2) represented the entire 
above-ground portion of the plants. The last samples, taken August 
16, had the young ears removed. In 1931, the samples of the first 
three sets represented the entire aboveground portion but in the 
fourth and fifth sets the ears had been removed. 

In the first season^s fractionations (1930) the samples were brought 
to the laboratory, the roots washed as free of soil as possible, and 
after the roots had been separated from the tops, the latter were cut 
in lengths of 8 to 12 inches. The material was placed in a steam- 
heated drying oven at a temperature of 80° to 90° C. Ventilation 
was secured by partly opening the doors, before which electric fans 
were placed. Drying progressed gradually, 24 to 28 hoims being 
required for completion. These fractionations on both strains, grown 
on phosphated as well as on untreated soil, gave results similar to 
those shown in Figure 3. The outstanding feature of these curves 
is the marked reduction of acid-insoluble phosphorus accompanying 
the rise in the acid-soluble fraction, at a stage in growth at which it 
could scarcely be accounted for by dilution due to increase in total 
dry substance. This distribution of the phosphorus fractions thus 
suggests a breakdown and reutilization of complex phosphorus com- 
pounds, such as nucleoproteins, nucleic acids, etc., which have been 
laid down as essential constituents of the cell substance. The pos- 
sibilities of the occurrence of such a phenomenon will be discussed in 
a later paragraph. The evidence of the literature, however, lends 
but scant support. 

Before the next season^s work was begun the drying ovens were 
reconstructed in such a way as to produce rapid circulation of air by 
means of a forced-draft blower, without essentially altering the work- 
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ing temperature, except for a lowering of about 10° C. at the start, 
brought about by rapid evaporation. Experiments not reported here 
were carried out on divided samples, half dried gTadua-lly ajid half 
dried rapidly in the rebuilt oven. The results showed in a rived differ- 
ences in distribution of the total phosphorus among the dilferent 
fractions under the two conditions, indicating the necessity of early 
arrest of enzjune activity if extensive chemical changes in the samples 
are to be avoided. It was also found that splitting the stallvs perm 
much more rapid drying than cutting them crosswise, even in ver;s' 
short lengths. 

RESULTS AND DISCUSSION 

In 1931 results, which are given in full in Table 6 and presented 
graphically in Figures 4 and 5, were obtained by analysis of samples 



m which the stalks were quartered lengthwise and tln^ ears cut into 
small pieces, the whole being placed iinmediately in tlie ovens in 
open wire baskets. The drying ternpeiaiture during the fii*st hour 
ranged from 70° to 80° C., after which it rose to 80° to 90°. Tlie 
drying was accomplished rapidly, approximately 25 per cent of tlu' 
total water present being removed in the first\l5 inlnutes, and 50 
to 80 per cent in the first hour. It is believed, therefore, that the 
rapid drying, at temperatures at which the rate of enzyme destruc- 
tion or inactivation exceeds the rate of its catalytic activity, has 
been effective in preserving the samples essentially unchanged 
(bee Gortner {^2, chapter 25) and Collatz and Bailey {18)] 

^ It will be observed (fig. 4) that the four phosphorus fractions fall 
into two groups. On the one hand are the nucleoproteins and 
related compounds (insoluble organic residue) and phospholipids 
(alcohol-soluble substances) which comprise an approximately con- 
stant part 01 the plant tissue throughout the growing season. 'These 
make up the more complex forms of phosphorus, the chemical la- 
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bility of wliicli is very low. , They are little if at all subject to trans- 
location after having once been laid down in the cells. If an}^ trans- 
location occurs, the data indicate that it is in the lecithin fraction. 
As some of the other forms of phosphorus move into the ear in the 
later stages, leaving a lowered total concentration in the vegetative 
parts, the ratio of insoluble organic to total phosphorus rises (Table 6) 
because none of this fraction has moved out. In fact, the rise begins 
as eaiiy as August 1, during the period of rapid plant growth before 
pollination, when total phosphorus concentration is being reduced 
through dilution by newly synthesized material, thus indicating that 
the rate of formation of this fraction is keeping pace with plant 
growth. In the case of lecithin no rise in the ratio to total phos- 
phorus is observed. Thus there is an indication that a portion of it 
may be broken down for transfer into the ear. The same possibility 
has been suggested by Eckerson {21), who found that in the tomato 
plant under conditions of phosphorus starvation the order of dis- 
appearance from older tissues is inorganic phosphate, starch-bound 
phosphorus, and phospholipids. The last named did not break down 
until most of the starch had disappeared. She says: “ Although it is 
not certain that this (lipid) phosphorus can be reutilized, it seems 
possible, Koch and Reed {30) in the study of Aspergillus found 
that in phosphorus starvation after the disappearance of all of the 
water-soluble inorganic and organic phosphorus, lecithin decreased, 
but no loss of the nucleoproteins was established. In Figure 5, A 
and C, the percentages of lecithin and insoluble organic phosphorus 
have been combined and plotted as “nonlabile’’ phosphorus along 
with the other two groups, shown as “labile” phosphorus. The 
ininimum requirement of the vegetative plant for the nonlabile 
material is shown by these data (figs. 4 and 5, A and C) to be a 
definite concentration which must be reached regardless of the 
nutritional environment. The concentration is essentially the same 
not only at the different growth stages but also in plants grown with 
either a deficient or abundant phosphate supply. Phosphorus 
absorbed in so-called luxury consumption is evidently not converted 
into these forms. 

The other two fractions are characterized by marked chemical 
reactivity. These are the inorganic phosphates and the acid-soluble 
organic phosphorus. In the period covered by the first three sam- 
plings, no information is furnished on phosirhorus movement because 
each sample includes the entire aerial portion of the plants. The 
rapid fall in concentration of acid-soluble organic phosphorus during 
this period must, then, be explained by its conversion to the non- 
labile forms to meet the requirements of the rapidty expanding 
plant. (Fig. 4.) The absorption of inorganic phosphorus from the 
soil keeps pace at first, as shown by the rising concentration, but at 
the steepest part of the growth curve! it falls behind, as is seen in 
the change to a downward slope of the inorganic curve at the second 
sampling period in three cases, and at the third period as shown in 
Figure 4, A. The continued decline in these two constituents after 
pollination, shown, combined, as “labile’' phosphorus in Figup 5, 
points to them as the source of phosphatic material for deposition 


7 The general character of the growth curve is shown by the superimposed curves for two of the four cases 
in fig. 4, B and G. 
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ia tlie maturing: seeds, as well as for formation of the stable lipid and 

nuclein phosphorus compounds in vegetative parts. 

The data of the present investigation (fig. 4 and Table 6) do not 
prove that the soluble organic fraction is actually transported with”* 



Figure 4.—Total phosphorus and its distribution among four fractious in two flrst-gcaK'nd ion 
crosses of yellow dent corn. A and B give the values for Fi B65 and Fi (iSO, resfx'ctiwly, grown 
on phosphorus-deficient soil without fertilizer treatment; G and 1) give 1,1h^ values for tin* 
same crosses, respectively, growm on soil treated with superphosphate at the ratc^ of 2,'>() ixninds 
an acre. In B and C are also shown the weights of the dry plants and the grains of l.ula l phos- 
phorus per plant for two of the four cases. The marginal legend at the left ai>plies also to tliese 
curves if the marginal notation be read ‘“grams.” The data are from nhible (> 

out previous reconversion to the inorganic state. Either could be 
converted to the other in connection with the translocation. 

The literature furnishes satisfactory evidence of the migration of 
phosphorus from tissues already formed into areas of new growth. 
For instance, the early investigations of Arendt (14) and of Wilfarth, 
Roiner, and Winimer (4<5) are cited. The results of Koch and Reed (J30), 
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Eckerson (21), MacGillivray (82), Andre (13), Henrici (2Jf, 25), Reed 
(38), Jones and Huston (^5), and others give further confirmation. 

The question of the reiitilizatioii of phosphorus is not so easily 
settled. A discussion of this topic necessitates a definition of the 
term. As used here it will be understood to refer to the breakdown and 
translocation of those phosphorus-containing constituents of the cell 
which are essential to its functioning or to cell division. Thus nucleic 
acids, niicleoproteins and phospholipids will be included, represented 



Fiouri-: 5.— Labile and nonlabile phosphorus in two first-generation corn crosses grown without 
( A ) aiK I with (G) superphosphate treatment. The labile fraction is the sum of the inorganic and 
t.lu' acid-soluble organic fractions. The nonlabile fraction is the sum of the alcohol-soluble and the 
acif 1-insoluble fractions. The two components of the labile fraction are shown separately for corn 
from untreated soil in B, and for corn from soil treated with superphosphate iii D. 

by groups 1 and 4 in the separations reported in this paper. The 
movement and use of the phosphorus-containing Gonstitiients of 
groups 2 and 3 including inorganic phosphates, hexose phosphates, 
and other soluble forms, as well as phytin, will not be considered as 
reutilization because these substances are not actual constituents of 
the living substance of the plant cell; they are merely present. Phytin 
is primarily a storage form and the inorganic and soluble organic 
compounds are of value chiefly for transport, the last-named prob- 
ably constituting transition products in more complex syntheses as 
well.,' ■ 
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Tlie results of the present investigation and also a se 4 ii’cli_^tliroiigii 
the literature have failed to reveal conclusive evidence ol; ^thc rcuti- 
lization of phosphorus. The results previously mentioned ol .Jtlc.kerso.n 
and of Koch and Reed with reference to phospholipids a-re the. most 
suggestive but are not conclusive. MacGillivray iSJ) states in^coii-- 
neclion with his work on the tomato plant that 'Hliere is a. reutiliza- 
tion of the phosphorus/^ and quotes Andre (13) as having shown a. 
siinilar plieiiomenoii. The phosphorus in MacCUllivra-y’s tomato 
plants^ which was first carried into the lower leaves and later trails- 
fenced to other parts may have consisted entiiiy of solulile com- 
pounds which had not become vital constituents of tlie cidls ()f tlie 
lower leaves, wdiither the 37 ‘ had first been transported. A classification 
of the phosphorus compounds would have been necessaiy in oiiler to 
answer the c[uestion in this case. The facts shown by Andre were ( 1 ) 
that 100 beans contained 0.9828 g of total P 2 O 5 aiicl ( 2 ) that i.n 100 
plants approximately 30 cm long gro-wn from similar seeds without 
nutrient salts, 26 per cent of the original 0.9828 g of P 2 O 5 was in the 
coUdedons and 67.3 per cent in the roots and tops, leaving 6.7 [ler 
cent unaccounted for. Webster’s (44) analyses include several dif- 
ferent kinds of seeds in which more than 74 per cent of the phos- 
phorus is in pipy tin and inorganic combinations; i. e., storage and 
portable forms, not counting soluble organic phosphorus •which he 
did not determine. No data on fractionations of phosphorus in garden 
beans have been found. In the absence of such data, and in view of 
the large amounts of transport and storage forms in seeds as shown 
b,y Webster, one wu)uld scarcel^^ be justified in assuming that a 
breakdown and reutilization of the phosphorus of the protoplasm 
had occurred in Andre’s experiment. The analyses of Henrici QS4^ 
are of special interest in relation to this question. She carried out 
total phosphorus determinations at weekly, or in some cases fort- 
nightly, intervals on the roots, crowns, leaves, jointed stems, and 
heads of 16 species of veld grasses and of some other plants found 
growdng in the phosphorus-poor soils of South Africa near Pretoria . 
The analyses were continued for 12 to 13 months and pa;rts of tw'o 
other seasons. The jmaiiy rainfall, varying from about IS to 3() 
inches, was a limiting factor of growdh in most cases. In anotluu* 
paper (3/^ she reported results of phosphorus fractionations on some 
of these grasses into essentially the same groups as those deteiMnijuul 
in this investigation. She found that in the regions of hrwest rainfall, 
soluble phosphorus wuxs absent or present in extremely small (jiiantities 
in the leaves of most grasses. At Vryburg, wdth 18 inches of rain, no 
inorganic phosphorus wars present in collective grass samples. In 
fliese cases the forma tion of heads was not accompanied by a decline 
in concentration of leaf phosphorus. The same wars true at Amioeds- 
vlakte with the same rainfall. Few^ species of the perennial grasses 
produced sound seeds under these conditions, and some produced no 
jointed stems. Twm annual wmeds, Tragus sp. mA Aristida sp. grow’'- 
ing in the same region always produced an abundance of viable seeds. 
Their leaves carried about the same percentage of total phosphorus 
as those of the grasses, but the beads reached 0.8 per cent. The 
practically seedless heads of grasses scarcely exceeded the low con- 
centrations of the leaves (up to 0.3 per cent). Another characteristic 
plant of this semiarid region, Salsola zeyherij always contained in- 
organic phosphorus in the leaves, produced seed ahundantly, and seed 
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formation was accompanied by a decline in phosphorus concentration 
in the leaves. 

Phosphate absorption by plants in that region is limited apparently 
by the water shortage as well as by the small amounts of phosphorus 
present in the soil. In the case of DigUaria eriantha, growing with 22 
inches of rain near Vryburg, abundant stalks and heads but no seeds 
were formed; with 19 inches, comparatively few heads appeared; and 
with 8K inches only an occasional stem was found. At Ermelo, with 
36 i.Tiches a.nniial rainfall, another species of Digitaria produced 
abundant seeds, and the process was accompanied by decline in leaf 
phosphorus. The author does not state, however, whether soluble 
phosphorus was present in the leaves in this case. These results afford 
a strong indication that in the numerous species studied, the produc- 
tion of seeds depends largely upon whether there is more phosphorus 
available than is required for the organic cell constituents of the 
vegetative parts; and they also point to the inability of the plants to 
reutilize such organic phosphorus compounds, once they are built into 
the cell structure. 

Gompakison op the Two Fiest-Genekation Crosses 

TOTAL PHOSPHORUS 

The total phosphorus data for the two strains may be compared in 
Figure 4, On untreated soil, the nonresponsive cross, 680, inaintained 
a definitely higher concentration than cross 365 except at the last 
sampling. Computing from Table 6, the increases or decreases (— ), 
in concentration of total phosphorus in No. 680 over No. 365 are, for 
the five periods, respectively, 25, 37, 16, 7, and —1 per cent. These 
figures evidently represent greater absorption of phosphorus rather 
than higher percentages due to less growth. Figure 1 is a typical 
representation of the two crosses growing on untreated soil shortly 
before the third sampling period. Photographs taken in three differ- 
ent years reveal the same situation. It will be observed that the 
average plant heights are about the same for the two crosses. Cross 
365 is somewhat stockier than cross 680 and wnuld probably be a little 
heavier. Unfortunately the data on plant weights and amounts of 
phosphorus per plant are incomplete. The available eAudence wmiild 
seem to indicate that cross 680 has greater ability to absorb phosphate 
from a limited supply. When, however, the supply is made adequate 
this cross fails to maintain a higher absorption rate. The increases or 
decreases ( — ) of total phosphorus, in No. 680 as compared to No. 365, 
computed as above, are for the five successhn samplings 19, —2, 3, 
3, -“3 per cent. Under these conditions, with its greater growth 
(fig. 2) No. 365 has unquestionably taken up more phosphorus from 
the soil than has No. 680. Whether the greater growth is the result 
of more rapid phosphate absorption or whether the greater absorption 
is the result of the greater growth and more extensWe root system of 
No. 365 can not be stated. 

PHOSPHORUS FRACTIONS 

Some of the results of the analyses of the two first-generation 
crosses are brought together for comparison in Figure 5. The supply- 
ing of abundant phosphate largely masks differences in the composition 
of the two strains, as may be seen in the close parallelism of the curves 
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for tlie superpliospliate plots. (Fig* 5, C and D.) More pronounced 
differences are to be observed in the plants grown with limited avail- 
able phosphate. The level of the nonlabile or protoplasiniG phos- 
phorus does not differ greatly in the two crosses, regardless of supply. 
However, with limited supply, No. 680, the nonrespoiisive cross, ha.s a 
slightly higher level. It will be noted also that the two strains 
apparently reverse positions in this respect with the addition of al)un- 
daiit phosphate. It can not be stated that these siiiall difllvreiices are 
outside the range of experimental error, but they are (ainsisteuit 
throughout most of the period covered by the samplings. The chiei* 
differences between the two strains are to be found in the more labile 
fractions in plants which have been grown with inadequate phosphate. 
The nonrespoiisive cross, No. GSO, contains a distinctly higher (‘.on- 
centration of inorganic phosphorus during active vegetative growth. 
The difference gradually diminishes and disappears soon after pollina- 
tion. (Fig. 5.) This is the only respect in which the two crosses 
deviate from each other appreciably in phosphorus composition. It 
can not be said that this difference is due to slower conversion of 
inorganic phosphorus to the various organic forms, for the variations 
in all three organic fractions, while they am too small to merit serious 
consideration, tend in the direction of higher concentrations in cross 
680. This, in itself, is suggestive of a possible higher mminiuni re- 
quirement of phosphorus for the maintenance and functioning of the 
vegetative machinery in this cross as compared to the more responsive 
one. 

SUMMARY AND CONCLUSIONS 

It has been found in the case of open-pollinated yellow dent corn 
grown in the field that phytin is absent from all parts of the phint 
before pollination. 

Within two weeks after pollination phytin appears in the developing 
seeds, but is not present in other parts of the plant. At this stage 
of growth there is an increasing gradient in total phosphorus concen- 
tration from the roots through the stalk and shank to the ear. These 
facts indicate a close association of the phytin-forming fimction with 
fertilization of the ovule, and the possibility is suggested that the 
activator of the zymogen of the enzyme res|X)iisible for phytin syn- 
thesis may be furnished by the pollen. 

Phytin disappears from corn seeds at a fairly rapid rate during 
germination. 

The phosphorus in the tops of two first-generation crosses, grown 
in the field in phosphorus-deficient soil, both with and without super- 
phosphate fertilizer, was separated into one inorganic and three organic 
fractions at five stages of growth. Three of these stages were before 
pollination, one approximately at pollination, and one 11 days later. 
The two crosses differed in their response to phosphate fertilizers 
both in growth and in yield. The phosphorus fractions separated 
were: (1) Absolute alcohol extract (phospholipids); (2) inorganic; 
(3) organic, soluble in cold aqueous 2 per cent HCl; and (4) organic 
residue insoluble in this HCl (nucleic acids and nucleoproteins) . 

Two fractions, phospholipids and acid-insoluble organic phosphorus, 
remained fairly constant in percentage of the dry matter thro\ighout 
the period of the experiment. 
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The other two fractions exhibited marked variations in concentra- 
tion at successive samplings, the trend being toward a decrease in 
acid-soluble organic phosphorus throughout the cluration of the experi- 
ment, and a progressive decrease in the inorganic fraction after the 
second sampling. 

It is concluded as a result of this investigation that phosphorus 
translocated from vegetative parts of the plant into the ears consists 
only of these two labile fractions, namely, inorganic and acid-soluble 
organic compounds, with the possible exception of a breakdown of 
sniall amounts of phospholipids. 

As a result of this work and a study of the literature, it is considered 
very doubtful whether phosphorus which has been laid down in 
essential organic constituents of plant cells can be transported and 
reutilized. 

This investigation has not so far revealed a satisfactory explanation 
of the mechanism for the differential behavior of the two crosses 
studied with respect to phosphate fertilization. 
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THE BIOLOGY OF OPIUS MELLEUS GAHAN, A PARASITE 
OF THE BLUEBERRY MAGGOT ^ 


By F. H. Lathrop, Senior Entomologist, Division of Deciduous Fruit Insects, 

and R. C. Newton, Junior Entomologist, Division- of Cereal and Forage Insects, 

Bureau of Entomology, United States Department of Agriculture 

INTRODUCTION 

One of the interesting phases of the investigation of the blueberry 
maggot, Rhagoletis pornonella Walsh, ^ in eastern Maine (7)^ proved to 
be a study of the biology of the parasite Opius melleus Gahan>’^ The 
study reported in this paper was conducted at Cherryheld, Me., during 
the years 1925 to 1929. The most intensive work was performed 
during the summer of 1929. 

HISTORY 

Opms jnelleus was originally described in 1915 by Gahan (g, jb 7S) 
from one female specimen found on Mount Washington, N. H., and 
was almost simultaneously described by Richmond (reported by 
Woods (10)) as Biosteres rhagoletis from 21 specimens reared from 
puparia of Rhagoletis pomonella from blueberries collected at Cherry- 
field, Me. In 1919 Gahan G) cited B, rhagoletis as a synonym of 
0. melleus, and in the same year (3) he described two additional 
species, 0. richinondi and 0, lectus, both of which, he states, were 
swept from blueberry barrens in association with 0. melleus and 
may also parasitize R. pomonella. Woods (10) was the first to rear 
0. melleus from puparia of the blueberry maggot, and he states that 
Severin reared it from the apple maggot. Good (o) described the 
method of oviposition into the apple maggot. Lathrop and Nickels 
(7) summarized the life history of 0, mdleus, gave tables indicating 
the percentage of parasitism of the blueberry maggot, and showed 
that this parasite could remain in the soil as long as four 3 ^ears and 
tlien successfully emerge as an adult. 

During tlie present study Opim mslleus proved to be the dominant 
parasite of the blueberry maggot in Washington County, Me., and 
was found in sufficient numbers to indicate that it is an important 
factor in the economy of its host. 0, Tichmondi, reared in. small 
numbers, w^as insignificant in comparison with 0. mellms. No 
specimen of 0. lectus was observed in the cages. If 0. lectus para- 
sitizes the blueberry maggot at all, it must be a minor species in 
eastern Mriine. 

SOME HOST RELATIONSHIPS 

Rhagoletis pomonella infests blueberries (Vaccinium spp.) and 
huckleberries (Oaylussacia spp.), and also apples (Malus spp.) and 
haws (Viburnum spp.). The insect is commonly termed “blueberry 


1 Received for pubUcatkin Apr. 21, 1932; issued February, 1933, 

Order Diptera, family Trypetidae. 

-Mieferenee is made by number (italic) to Literature Cited, p. 159. 

4 Order Hymenoptera, family Braconidae. 

5 'j'he writers are indebted to A. B. Oahan for determinations of the species Opim melleus and 
O.richmondi, 
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maggot’’ or ^^apple maggot” according to the fruit with which it is 
associated. The two forms of the species appear to be ecologicalh' 
distinct (6, S), but no morphological basis for separation has Iumui 
discoYered/' although the apple maggot is distinctly larger than iho 
bhieherr}^ maggot in every stage. 

Opi/us rneUeus parasitizes both the apple maggot and tlie l)liiel)erry 
maggot. It is a significant fact that sjiecimens of the parasite' fr<uii 
the apple maggot are distinctly larger than specinieiis reared (roni tin' 
bliiebeiTy maggot. (Fig. 1.) Other than size, no striicd'.ural <1111^ 
ence affords a basis for separation of the species from the dinVix'nt 
hosts. Apparently 0. melleus exhibits a tendency toward the dexndop- 
rneiit of two divergent strains parallel to the ecological forms of the 
host. 



LIFE HISTORY OF THE PARASITE IN RELATION TO THAT OF 

THE HOST 

Ophis melleus is well fitted to parasitize the blueberry maggot. The 
ovipositor of the female parasite is long enough to j*eacli the host 
within the berry, and the life cycles of the two species coincide, to tlie 
advantage of tire parasitef. (Fig. 2.) 

The flow of emergence of the adult parasites approximately paiarllels 
that of the flies, following it at an interval of 10 to 15 days. (Fig. 3.) 
Emergence of the females follows tha,t of the males by 4 or 5 days. 
The earliest of the female parasites begin oviposition in 12 to 14 days 
after emergence, just as the maggots of the later instars appear in the 
berries in increasing numbers. The period of oviposition by the para- 
sites coincides with the period of maximum abundance of maggots of 
the late second and third instars. 

A portion of the host puparia remains in the soil for two years or 
more, thereby establishing a cycle of two years or longer.' Opius 
parallels this behavior, a portion of the population exhibiting 
a cycle of tavo or more years. 


Since this paper was written, C. H. Curran has described the blueberrv maggot as a distinct species, 
Rhagoietis mendax, in American Museum Novitates No. 525, 1932. The. •validity of the sp(a*i(‘s await, s 
conlirmation by other dipterists. 
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The relationship existing between the blueberiy maggot and its 
parasite, Opim melleus, is such as would be expected to occur between 
species in their native habitat, which has been occupied for an indefi” 
nitely long period under stable environmental conditions. Such con- 
ditions would permit the mutual adjustments which are exhibited by 
the iiiaggotT-parasite association. 

LIFE HISTORY OF OPIUS MELLEUS 

The investigation of the life histoiy of Opius melleus was conducted 
largely as a series of careful field studies, but in certain phases a com- 
bination of field and laboratory methods was employed. 



Figure 2. —Summary of life history of Opim melleits in relation to the blueberry maggot during an 
approximately normal season, Cherrylield, Me. 


EMERGENCE OF ADULTS 

Opms melleus spends the winter as a full-grown larva within the 
puparium of its host just beneath the surface layers of the soil. (Fig. 
2.) Pupation takes place within the enveloping puparium about 30 
days before the adult parasite emerges. 

When O'jmis melleus emerges from the puparium, it is apparently 
fully pigmented and the wings are fully expanded and hardened. The 
insect works its way upwmrd through the soil by movements of the 
head, body, and appendages. Parasites that w^’ere observed in a glass- 
front observation box had much more difficulty in emerging than did 
the flies. The parasites showed distinct signs of fatigue after climbing 
upw’-ard through 2 inches of dry sand, and no parasites were observed 
to emerge from a depth of 4 inches. The flies emerged from this 
depth with comparative ease. 
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The clifficultT experienced b\" the emerging parasites suggested that 
parasitized maggots might pupate at a more shallow depth in the soil 
tliaii do iionparasitized individuals. A study of I5694 puparia indi- 
cated that there is no significant correlation between the percentage 
of parasitism and the depth at which the puparia are nonnally loiind. 



Figure 3.— Cumulative curves showing the emergence of adults of Opius mdlens and its host 
during the seasons of 1927, 192S, and 1929 

The fact that on an average 99 per cent or more of the puparia are 
found vi thin I inches of the surface of the soil makes it apparent 
that under field conditions the parasites have no serious difhculty in 
emerging from the soil. 

The seasonal emergence of adults was studied by observations of 
the cages used in the studies of Rhagoletis pomonella by Lathmp and 
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Nickels (7). Blueberries heavily infested with maggots were placed 
on wire-screen trays over a series of plots during the late summer and 
autunin of each season. Each plot was 4 by 5 feet in size. The mag- 
gots dropped from the berries and entered the soil, where they pu- 
pated. During the following season each plot was covered by an 
emergence cage, and a careful record was made of the flies and para- 
sites that emerged. 

The eniergence of flies and of parasites during the three seasons in 
which observations were made is best comprehended by a study of 
the accumulated emergence for each season. The records for the 
parasites are summarized in Table 1, and are illustrated graphically in 
Figure 3. It will be noted that the cumulative emergence curves have 
a characteristic form, depicting a slow rise early in the season, followed 
by a period of maximum emergence during which most of the adults 
appear, and a gradual cessation of emergence toward the end of the 
season. 


Table 1.- —Su/mmary of emergence records of adults of Oyius melleus for three 

years, Cherry field, Me. 


Year 

Sex 

I)at;e of first 
emergence 

Dai.e of accumulated emergence in percentages 
indicated 

Dateofla.st 

emergence 

10 

25 

50 


iMale 

July 3 

July 21-22- 

July 27— 

July 30- Aug. 1.. 

Sept. 17. 



July 10 

JuW 28-29 

Aug. 1-2 

Aug. 4-5 

Sept. 14. 


[Rnf.h 


July 23-2.5-- 

July 29 

Aug. 1-2 


(Male 

July 6 

July 17-18--- 

July 19-20 

July 24-25 

Aug. 24 

iqoR 


July 15 

July 20- - 

July 23-24 

July 28-29 - 

Aug. 29. 


[Ent.h 


July 18 19 

July 21 

July 25-26 



July 8 

July 15-16 

July 20-21 

July 23-24 

Aug. 11. 

1 Q99 

■' Femj^le 

July 12 

July 22-23 

July 25-26 

July 28-29 

Axig. 12. 


[Both—- ’ 


July 16-17-_._-- 

.July 22-23- 

July 26-_ - 




75 

90 

95 



(Male 

July 3--:-- 

Aug. 3 

Aug. 8--_ 

Aug. 13 — 

Sept. 17. 

19“V 

Female 

July 10 

Aug. S-10 

Aug. 13-16 j 

Aug. 18 

Sept. 14. 


[Both 


Aug. 5-6--- 

Aug. 12 

Auir. 16 


( Male - -- 

July ft- 

July 28-30. 

Aug. l-2--_ 

Aug. 4 

Aug. 24. 

192S 

Female -- 

July 15. -- 

Aug. 1-2— 

Aug. 6 i 

Aug. 8-10 ' 

Aug. 29. 

[Both 


July 30-31- 

Aug- 3 

Aug. 7.. 


I Male 

July 8- - _ 

July 27-28 

July 30-31 

Aug. 2-3 ' 

Aug, 11. 

1929-. 

Female 

July 12 

July 31- Aug. 1. . 

Aug. 7-8-..- 

Aug. 9 1 

Aug. 12. 


iBoth 


July 29 

Aug. 3 

Aug. 7 - 










It is interesting to compare the emergence of the adult jiarasites 
with that of the flies. (Fig. 3.) Although the emergence of parasites 
is drawm out over a shghtly longer period, the general form of the 
cumulative emergence curves is similar for both parasites and flies. 
The emergence curves of parasites during the seasons of 1928 and 1929 
practically coincide, and might well be represented by a single line. 
The emergence of the parasites in 1927 occurred approximately seven 
days later than in 1928 and 1929, although the eniergence of flies in 
1927 coincided very well with that of 1928 and 1929. Probably the 
late emergence of parasites in 1927 was due to environmental influence 
of some kind, but the records of temperature and rainfall during the 
emergence periods do not afford any explanation. 
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PROPORTION OF THE SEXES 

During tlie early part of the emergence period the adults of Opim 
nielhus which appear in the cages are largeh^ males. ^ Later the per- 
centage of females increases, and toward the end of the period the 
females outnumber the males. In the total emergence of adults 
during the season, the males j)redominate. During the three seasons 
for which records are available the females constituted an average of 
3 7.68 per cent of the adults captured in the cages. (Table 2.) It w oiild 
seem that this tendency to produce excessive numbers of males 
might reduce the effectiveness of the parasite. The production of 
excessive iiiimbers of males has been observed in other opiine para- 
sites (9), and is probably due in part to parthenogenetic reproduction. 
Unmated females of 0. ^melleus were observed to attempt ovipqsition, 
and it is probable that parthenogenesis occurs commonlv in the 
field. 


Table 2. — Proportions of the sexes of Opius melleiis captured in emergence cages 

at Cherryfield, Me. 


Year of emergence 

Males 

I 

Females 

1,927 - 

i 

Number 

2, 491 
367 
216 

1 

Numher 
1,549 1 
195 
144 

Per cent 

38. 34 
34. 70 
40. 00 

1928 - 

1929 - - 

Average - 



37. 68 





CARRY-OVER IN THE SOIL FOR TWO OR MORE SEASONS 

Like its host, the biiieberry maggot, Opius melkus is capable of 
spending two or more seasons in the soil and then successfully emerg- 
ing as an adult. From piiparia formed in 1925 adults of 6. melleus 
were observed to emerge during the summers of 1926, 1927, 1928, 
and 1929. Observations of emergence in eight cages over a period 
of three years are summarized m Table 3. 


Table 3. — Carry-over of Opius melleus in the soil to the second and third season 
(host piiparia formed' in 1926) 


Cage N'o. 

1 1927 

i 

192S 

1929 

Total for the 3 years 

I Flies 

} , , 

1 ' ' 

Para- 

sites 

Flies 

Fara- 
i sites 

Parasit- 
ism, as 
com- 
pared 
Avith 
1927 

Flies 

Para- 

sites 

! 

Parasit- 
ism, as 
com- 
pared 
with 
1927 

Flies 

Para- 
1 sites 

Para- 

sitism 

A 

B 

2... 

3 

\NiLmher 
\ 3, 937 i 
1 4,676' 
[ 2,564 

1 1, 401 
, 475 
2, 691 
2, 365 
2,498 

Number 
462 ■ 
65 
. 42 
82 1 
20 
687 
997 
566 

[Number 

I 79 

67 
46 
76 
35 
273 
358 
532 

Number 
: 30 

i 11 

8 

40 

146 
320 
191 j 

Per cent 
6.49 
16.92 
19.05 
: 48. 7S 
35. 00 
21.25 
32.10 
33.75 

Numher 

2 

2 

o 

9 

5 

23 

59 

22 

Number 

0 

1 

0 

6 

0 

12 

14 

S 

Per cent 
0 

L,54 

0 

7.32 

0 

1. 75 

1. 40 

1.41 

Number 
4, 018 
4,745 
2, 612 
1,486 
515 
2, 987 
2,782 
3,052 

Numbtr 

492 

. , , 

50 ' 
128 
'27' 
845 
1, 331 
765 

Per cent 
10.91 
1. 60 
1.88 
7.93 
4. 9S 
22. 05 
32.36 
20. 04 

5«__ 

8 

i 

11 

TotaL-- 

20,607 

2,921 

1,466 

■ 1 

753 

« 25. 78 

124 

41 

« 1. 40 

22, 197 

3,715 

«14.34 


« Percentages based on totals. 
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OCCURRENCE OF ADULTS IN THE FIELD 

The occiiiTeiice of adult jiarasites in the field was studied in the 
summer of 1929 by making counts on unit areas, using the method 
dereloped by Lathrop and Nickels (7) in the study of the blueberry 
maa’got. The plot under observation was divided into 20 count 

areas, each 50 by 100 

feet. During the pe- — 

riod of abundance of /• 

the adult parasites five 90 £_ 

men familiar with the 2^00 

parasites made counts ^ 

twice a week, usually go ^ 

on consecutive days. T~~ \ 

, Each man, provided J I ^ 

with a light frame I \t ~ 

which inclosed an area 

25 inches square (ap- | \| — 

proximately 0.0001 f — 

acre), selected a place 1 

in the first count area I * 

and set his frame in r \ ^ uoo 

position. When every- IIZ \ 1 1 ^ 

one was ready, a signal | j f ^ 

was given, and each S I / V \ ^ 

man studied his unit S 40 Jjt \ S 

area intently to ob- ^ ij T — 

serve an}^ adult para- 0 U 

sites present. At the ^30 N */ y\ \ — | 

end of two minutes, ° |J A \\\ — 2 

when another signal ^ if J \ \^ 

was given, the study of 2^0 I / 

the area was discon- g | / i \\\ ^ 

tinned and each man ^ jl 7 ' yyV -j- 

recorded the number t \ VV 

and, if possible, the -W A 

sex of the parasites — 

observed. The frames — 

were then moved^ to , 1 , , t? u rfi - i i- T -rn ^ 1 ■ n 1 ri r - i TTrr rrr 1 I u I i 1 .1 I . 
new places in the first Joly august s- ^ 

count area where an- Ficure 4 . — occurrence of adults of Opim mclkus on experimental 

, i I 1 plot, Cherryfleld, Me. Broken line indicates cumulative cmer- 

Otiier count was made. gence of adults for the season of 1929. Upper curve shows the 

Thic; nrnppsiic* Wim rp- theoretical occurrence of adults throughout the season. The 

xmcs piuLc tsfci XL- lower curves indicate the theoretical occurrence of adult males 

peated in each of the and females, respectively. The large crosses indicate the results 

, I of field counts of the total adult popalation on the dates indi- 

.iU count areas, anci a cated. A11 the population curves are based upon an average 
fn+ol 9nn nmmta duration of life of 20 days. Note the agreement between the 

lUiai Ui ^UU couiilb theoretical curves and the field counts 

covering a combined 

area of 0.02 acre was made. The total number of parasites observed 
ill the 200 counts, multiplied by 50, therefore represented the number 
of parasites per acre present on the plot. 

The results of the counts are presented in Table 4 and shown in 
Figure 4 . With the method described by Lathrop and Nickels (7) , the 
data from the field counts were plotted simultaneously with data from 
the emergence cages to construct Figure 4. A study of these cinves 
brings oiit some interesting facts regarding the fluctuations of the 


Ficure 4. — Occurrence of adults of Opiu 'i mcUeiis on experimental 
plot, Cherryfield, Me. Broken line indicates cumulative emer- 
gence of adults for the season of 1929. Upper curve shows the 
theoretical occurrence of adults throughout the season. The 
lower curves indicate the theoretical occurrence of adult males 
and females, respectively. The large crosses indicate the results 
of field counts of the total adult popalation on the dates indi- 
cated. All the population curves are based upon an averag<' 
duration of life of 20 days. Note the agreement between the 
theoretical curves and the field counts 
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popiilati( 3 ii of adult parasites. The numbers of parasites i,n the field, 
rises rapidly as emergence proceeds. After the peak of occurrence is 
reached, the declining emei’gence and the increasing mortality result 
ill a rapid decrease in the population. At the peak of occurrence there 
were present in the field more than 85 per cent of the total number of 
adults that emerged during the season. Theoretical^, a total oi 
approxiiiiately 2,800 or 2,900 Opius melleus adults per acre emerged 
on the area under observation. The males reached maximum num- 
bers during the first few days in August,, when approximately 1,500 
individuals per acre were present. The maximum number of females 
occurred 7 to 10 da 3 ^s later with approximately 1,100 individuals per 
acre present in the field. 


Table 4. — Field counts of adults of Opius melleus , 1929 



1 Adults of Opius melleiLS | 

Number per acre 

Date 

-Male 

i 

Female 

! Se.'i un- 
certain 

^I'otal 

Each 

date 

Average 
of pairs of 
counts 

AuS. 1 ,_. 

S 

3 

0 

11 

550 

}■ 500 

Aug. 2 


2 

0 

!) 

450 

Aug. 8 - 

26 i 

‘>‘) 


55 

2, 750 

} 2, 400 

Aug. 9 i 

21 i 

16 

' 4 

41 

2, 050 

Aug. 16 

15 

12 

0 

27 

1, 350 
900 

i} 1, 125 

Aug. 17 ^ 

6 

11 

1 

18 

Aug. 21 : 

2 

10 ! 

2 

14 

700 

} 650 

1 450 

Aug. 23 - i 

5 


0 

12 

600 

Aug. 27 

'4 

5 ' 

1 ^ 

10 

500 

Aug. 28 - 

0 

8 

0 ' 

8 

400 




LONGEVITY OF ADULTS 


Two niethods were used in an effort to determine the duration of life 
of adults of Opius melleus: (1) The conmionly used laboratory method 
of confining individuals in glass vials, where they were supplied with 
dilute sugar solution on pieces of blotting paper; and (2) the method 
of the simultaneous study of field counts and emergence records (7). 

The data presented in Table 5 indicate that the average length of 
life of adults in the laboratory was 17.5 days. In this study there 
was no significant difference between the average length of life of 
males and of females. The simultaneous study of data from the field 
counts and the emergence records, as shown in Figure 4, indicates an 
average length of life of approximate!}^ 20 days^ The field counts 
showed an apparent increase in the average length of life of the adults 
toward the end of the season. 


Table o. —Longevity of adults of Opius melleus in the lahoratory, Cherry field. Me., 

1929 



Number of adults living number of days indicated “ 

Total 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Males. . 

1 

0 

0 

1 

2 

2 

3 

3 

5 

6 

7 

6 

11 

6 

8 

20 

17 

18 

22 

7 

5 

3 

2 

6 

1 

0 

1 

163 

■Females,, 

0 

1 

0 

2 

3 

2 


4 

3 

5 

i- 

3 

8 

9 

9 


7 

9 

12 

3 

6 

6 

2 

1 

2 

1 

2 

122 

Total.. 

1 

1 

_J 

0 

1 3 

1 5 

' 4 



9 

T 

j 

8 

U 

14 

9 


15 

17 

1 

24 

27 

_J 

34 

10 

__J 

11 

9 

4 

A 

3i 

J 

1 

3 

285 


« Average duration of life was 17.8 days for males, 17.1 days for females, and 17.5 days for both. 
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OVIPOSITION 

Females of Opvus inelleus confined in vials in the laboratory at- 
tempted oviposition within as short a time as five da^^s after einergence. 
However, this does not necessarily mean that oviposition would take 
place so soon in the field. Data obtained from the emergence cages 
and from careful field obsep^ations led to the conclusion that the aver- 
age preoviposition period in the field is considerably longer than the 
laboratory studies indicate. 

During the season of 1929 adult females began emerging in numbers 
about July 20, as shown in Figure 4. Parasitism of the maggots did 
not develop in the field until about August 2, as shown in Figured 
and Table 8. This apparently indicates that there is a preoviposition 
period of approximately 13 days. It may be argued that, since the 
eggs are deposited in maggots of the late second instar and the third 
instar, the parasites began oviposition as soon as host material was 

available, and the de- 
lay^ was not due to a 
definite preovipositiou 
period. However, the 
definite emergence of 
the female parasites 10 
to 13 days prior to the 
development of suita- 
ble host larvae makes 
it appear probable that 
in. the field there is a 
normal preoviposition 
period of approximate- 
ly this duration. 

The process of op- 
position by the parasite 
was observed a few 
times in the field and 
rather commonly in 
the laboratory. The 
female examines the 
berry carefull}^- with 
her antennae. ^ When she locates the maggot, she raises her body and 
brings the ovipositor down into position. (Fig. 6, xi-D.) Then, b^^ 
lowering the body, she thrusts the setae of the ovipositor deep into 
the berry. After a momentary pause, she removes the oPpositor 
from the berry and resumes her normal activity. The entire process 
of opposition occupies 10 to 15 seconds. 

y In her search for host larvae in which to oviposit, the female parasite 
is apparently guided by the Pbration produced by the movements of 
the maggots within the berries. The parasite could be induced to 
attempt oviposition into the empty sldn of a blueberry by maldng 
movements beneath the blueberiy skin with a needle or a pair of 
forceps to simulate the movements of a maggot. Maggots placed 
beneath the sldn of a blueberry in a Petri dish stimulated oviposition, 
but the parasites made no attempt to oviposit directly into naked 
maggots crawiiiig ill the dish. 



Figure 5.— FI net nations in the population of immature stages of 
Opius melleus in relation to the population of blueberry maggots 
on experimental plot, 1929.. Curve A-B--0 indicates the total mag- 
got population in terms of units per 100 berries. Curves 1, 2, and 
3 show the population of maggots in the first, second, and third 
instars, respectively. The heavy line indicates the relativ^e num- 
ber of 0. melleus (immature stages). The data concerning the 
populations of the host are from l^athrop and Nickels (7) 
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The egg may be deposited within the maggot in a dorsal, ventral, or 
lateral position and anywhere from the anterior to the posterior extrem 
ities. Usually the egg is found just beneath the skin of the maggot, 
between the muscle fibers and the outer cuticle. (Fig. 6, E, F.) It 
is possible that the parasite eggs may be placed in other parts of the 
maggot also, where they are more difficult to see, and therefore where 
the}^ are less frequently discovered. One egg was observed loose in 
the body cavity of a maggot, and was dissected out. This egg may 
have been placed just beneath the skin of the maggot, and accid'entally 
dislodged and set free in the body cavity. 

The newly deposited egg is inconspicuous, but as the embryo 
develops the egg increases in size, and usually produces a somewhat 
more readily observed ^'blister'’ on the sldn of the maggot. (Fig. 6, 
I.) The point of entrance of the ovipositor is frequently marked by 
a darkened point on the integument of the maggot. The darkeneJi 
spot could not always be discovered, however, and it could not be 
determined that the egg was held in place by any cementing material. 
Apparently the maggots were frequently pierced by the parasite 
vuthout an egg being deposited. At least, what appeared to be ovipo- 
sition scars were commonly observed where no egg could be discov- 
ered. That the ovipositor may sometimes be thrust entirely through 
the maggot is indicated by the fact that oviposition scars axe some- 
times found in pairs on opposite sides or nearly opposite sides of the 
maggot. 

Oviposition scars in the third-instar maggots may persist in the 
puparia, and apparently the scars sometimes provide points of entry 
of bacterial or fungous organisms, wliich attack the tissues within. 

It is not uncommon to find two or more eggs in one maggot. A 
maggot was once observed to contain four first-instar parasite larvae. 
Apparently when more than one larva is present in a puparium there 
is a struggle for survival. In one instance a puparium was dissected 
and found to contain two battling parasite larvae. Never has more 
than one mature larva been observed in a puparium. 

INCUBATION PERIOD 

The incubation period of the egg of Opkis melleus was not satisfac- 
torily determined in this study. Willard {9) found that the eggs of 
O.fetcheri in Hawaii hatched in 37 to 40 hours after oviposition. As 
might be expected, the egg of 0. melleus in Maine required a much 
longer time. Limited observations indicate that the egg of 0. melleus 
requires an incubation period of from three to six days. Some eggs 
deposited in the nearly mature maggots were observed to hatch 
witliin the puparia. 

LARVAL DEVELOPMENT 

The first-ins tar larva (fig. 6, G) is actively motile, and swims freelj^ 
witliin the body cavity of the host. In this stage the larva is provided 
with a pair of long, sharply pointed jaws. The parasite larva has 
never been observed to transform to the second instar until after the 
formation of the host puparium. Then the larval development of 
the parasite usually proceeds rapidly. In most cases under observa- 
tion the parasite larvae attained the fourth ins tar witliin 10 days 
after the puparium was formed. Larval development may be delayed, 
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however, one piipaiiiini being* observed to contain two living parasite 
larvae in the first iiistar at least 4 weeks after the formation of the 
pupaiiiiin. Tlie larval transforinations are complete, iieA^ertlieless, 
before freezing temperature occurs. 

The parasite larva in the second, tliird, and fourth instars is inactive, 
and is without conspiciious appendages. The host tissues appear to 
undergo normal histolysis after the formation of the piipariiim. The 
pupal structures are not formed, however; instead, the substance of 
the host is ingested b.y the growing parasite hn*va. The mature 
parasite larva almost completely fills the pupariuni. (Fig. 6, H.) 
Usually the walls of the puparium, when moist, are translucent, and 
the presence of a parasite larva may be detected by external examina- 
tion of the puparium. The exuviae of the preceding instars are 
pressed against the wall of the puparium by the larva, and the old hea d 
capsule of the first iiistar may often be seen through the wall of the 
pupariiim containing a mature larva of Ojnus melleus. It is not 
uncommon to find two or more head capsules of first-instar larvae 
within a single puparium (in a few^ cases four head capsules w^ere 
found), an indication of the competition of several larvae and the sur- 
vival of but one. 

THE IMPORTANCE OF OPIUS MELLEUS 

The quantitative study of the relation of Opiits melleus to its host 
is as difficult as it is interesting. The problem consists of two phases, 
the detemiination of the percentage of parasitism and the evaluation 
of the effect of the parasite upon the economy of its host. 

THE DETERMINATION OF PERCENTAGE OP PARASITISM 

In estimating the degree of parasitism the objective is to determine 
the percentage of blueberry maggots attacked by Oinus melleus 
throughout the season, thereby indicating the proportion of the total 
population of maggots destroyed by the parasite. In view of the life 
habits of the parasite, and the single-generation cycle of both parasite 
and host, the ideal method of estimating the percentage of parasitism 
would be the examination of a representative sample of puparia taken 
from the soil of the area being studied. The sample of puparia should 
be obtained during the dormant period when both parasite and host 
are in a hibernating condition. ^ Under normal conditions in the field, 
however, large quantities of soil must be examined to obtain a very 
few^ puparia of the blueberry maggot, even on areas supporting a large 
maggot population. It was therefore found impracticable to obtain 
a representative sample of puparia, and it was necessary to resort to 
other methods for making quantitative estimates of parasitism. 

Tw’p methods WTre used to determine the empirical pei'centage of 
parasitism of maggots from samples of blueberries: (1) Placing the 
berries over pupation plots, and determining the ratio of parasites to 
flies eaptiired in emergence cages placed over the plots during the 
followdng season: and (2) examining puparia obtained from samples 
of blueberries. The results of two s'eries of determinations are sum- 
marized in Tables 6 and 7. 
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Table 6.— Parasitism of the hhieherry maggot by Opius melletis 
[Records from emergence cages, 1927] 


Cage No. 

Flies 

Parasites 

Parasit- 

ism 

Cage No. 

Flies 

Para.sites 

Parasit- 

ism 

\ 

Number 

3, 937 
4, 676 

1, 192 
2, 564 

1, 401 

1, 085 
475 
1, 738 
711 

Number 

462 

65 

17 

42 

82 

90 

20 

169 

38 

Per cent 
10. 50 
1.37 
1.41 

1. 61 

5. 53 

7. 66 

4. 04 

8. 86 

5. 07 

S 

Number 
2, 691 
2, 365 

1, 101 i 

2,498 ! 
2, 447 
1, 567 
405 

Number 
687 
997 
302 i 
566 
142 
297 
64 

Per cent 
20. 34 
29, 66 
21.53 
18. 47 
5. 49 
15.93 
13. 65 

R 

9 

1 

10 1 

9 

11 i 

M 

12 

4 _ - 

13 1 


14 


Total 1 

30, 853 

4, 040 

« 11. 58 


“ Percentage based on totals. 


Table 7. — Parasitism of the blueberry maggot by Opius melleus 
[Determinations made by examination of puparia] 


‘ Lot No. 

Date berries 
were picked 

Puparia 

exam- 

ined 

Puparia para- 
sitized 

Source of berries 


1927 

Number 

Number 

Per cent 


1 . 

Aug. 16 

340 

224 

133 

39. 12 

(A homogeneous sample picked on poorly tended 
• land. A high percentage of the berries was 
[ infested with maggots. 

2 

do 

85 

37. 95 





3 

Aug. 20-24 

118 

24 

20.34 

Accumulated as left-overs of samples from check 





plots. 

4 ' 

do 

77 

19 

24. 68 

Accumulated as left-overs from samples from plots 
dusted with calcium arsenate. 




5 - 

Aug. 25 

188 

39 

20.75 

Picked on brush-free portions of check i:)lot. 

Picked on bushy portion of cheek plot. 

Picked on brush-free portions of plot dusted with 
calcium arsenate. 

6 

do 

195 

56 

28. 72 


do 

61 

2 

3.28 




S, 

do 

115 

23 

20. 00 

Picked on bushy portions of check plot. 

(A homogeneous sample picked on poorly tended 
\ land. A high percentage of the berries was 
i infested with maggots. 

9 

Aug. 26 

19f3 

93 

47.45 

10 . . 

do 

257 

127 

49.42 




At first tliouglit it would seem that a determination of the per- 
centage of parasitism of a series of samples^ such as that shown in 
Tables 6 and 7, would give a reasonably satisfactory basis for esti- 
mating tlie efficiency of Opms melleus, especially if the samples are 
large enough to yield reliable data, are numerous enough to indicate 
the range of variation, and extend fairly well over the season. A 
more thorough consideration, however, reveals several reasons why 
such a series in itself can not indicate, even approximately, the true 
numerical relation of 0. melleus to its host. 

Each of the determinations of parasitism shown in Tables 6 and 7 
indicates the i)ercentage of the entire population of maggots of all 
stages that were parasitized at the time the sample of berries was 
picked. As only the maggots of the late second and third instars 
are subject to parasitism, however, it is evident that a determination 
of the percentage of parasitism of the entire population of maggots 
does not give a fair indication of the effective parasitism. Willard 
(9), ill working with Opius jietcheri diS a parasite of the melon fly in 
Hawaii, observed a similar situation, and overcame the difficulty by 
basing estimates of parasitism only upon maggots which emerged 
from the cucumbers — within which the hosts fed— during the first 
two to four days after collection. vSuch a method can not be ein- 
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ployed ill the case of 0. melleus, because the blueberry maggot reniains 
ill the berries for an abnormally long* time if the berries ^ are picked 
and placed where they are not subject to normal weathering. Byen 
were it possible to base the estimate on the percentage of parasitism 
of susceptible maggots only, a series of samples picked from various 
localities and at difl:'erent\lates would give little indication of the 
efficacy of 0. melleus. The reason for this is that each sample 
(Tables 6, 7, and 8) represents a cross section of the maggot-parasite 
association considered as a static population, and shows the percent- 
age of parasitism existing in this supposed^ static population at the 
iiiomeiit that the sample was taken. In reality the maggot-parasite 
population is by no means in a static condition. The condition 
might more properly be regarded as a moving stream terminating in 
a reservoir, or rather as a combination of two streams, one of mag- 
gots and the other of parasites, each flowing at a diflnrent rate. 
With such a conception in mind, it is clear that a cross section of 
such a composite stream, or even a series of cross sections, will not 
indicate the relative percentage of maggots and parasites in the 
reservoir in which the stream terminates unless the relative rates of 
flow of maggots and of parasites are considered. 


Table S. — Seasonal study of parasitism of the hlueherry maggot hy Opius melleiis 
on experimental plot, Cherry field, Me., 1929 


Date 

Parasit- 
iism of 
puparia 
from 
field 
samples 

Total 
maggot 
popula- 
tion per 
100 

berries » 

Relative 
numbers 
of para- 
sites 
present 
through- 
out season 

AlaggOts 
present 
per 100 
berries ^ 

Maggots 

para- 

sitized 

Aug. 2 

Per cent 
0. 50 

Number 
10. S 

0.05 

Number 

8.2 

Per cent 

0. 61 

Aug, 9., 

5.50 

16, 2 

. 89 

14.5 

6. 14 

Aug. 16 ... 

8.36 

16. S 

1. 41 
2. 29 

16.2 
13. 2 

8. 70 

Aug. 26., 

16. 98 

13. 5 

17.35 

Aug. 30 

9. 45 

10.1 
6. 6 

. 96 

9. 8 
(j. 5 

9. SO 
23. 23 

Sept. 6 

22. 91 

1. 51 






Including eggs and maggots. Not including eggs. 


Clausen and King {1, p. 9~10) were confronted by a somewhat 
parallel problem in their work with Centeter cmerea Aid., a parasite 
of PopiUia japonica Newm. These authors showed that the host was 
killed within six days after the parasite egg was deposited; therefore, 
practicallA^ all beetles bearing eggs on anx' given date are dead within 
six days from that time, and the parasitized beetles in the field at a 
later date represent an additional percentage of the total. 

To illustrate * * *. On July 14, 35 per cent bore eggs, these being re- 

placed on the 2Gth by 45 per cent of the remainder, the latter in turn being re- 
placed by 48.5 per cent of those remaining on the 26th. Thus, theoretically, the 
parasitism effected was 35 plus 29 plus 17 per cent, successively, during the period 
of abundance, totaling approximately 81 per cent of the entire infestation. 

In the case of Opius melleus, the total parasitism can not be deduced 
bj" a siimmation of this kind, 0. rnelleus does not immediately destroy 
its host, and the length of time that the parasite spends in the host 
larva is variable. 
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An interesting view of the problem is presented by the data in 
Table 8, shown graphically in Figure 5. A large sample of blue- 
berries was collected from the experimental plot once a week through- 
out the season. The berries were placed over sand boxes. In the 
aiitiimip after pupation was complete, the pupaina were collected 
and examined to determine the percentage of parasitism in each of the 
weekly samples. In considering these data it should be borne in 
mind that the parasite is present during only a portion of the life of 
the maggot. Therefore, the effective parasitism is somewhat higher 
than the ratio of parasites to total maggots in the population. If the 
relative duration of life of the maggot and of the parasite egg and 
larva combined were known, the total parasitism for the season 
might be determined from the data summarized in Figure 5. For 
example, if the parasite eggs were laid only in the newly hatched 
maggots, then the parasite would be present throughout the life of 
the maggot, and the curve showing the relative number of parasites 
must coincide throughout the season with the curve (A-B~C) of the 
total maggot population to indicate 100 per cent parasitism. If the 
duration of life of the parasite within the maggot were ecpial to that 
of the third instar of the maggot, then the parasite curve in Figure 5 
should coincide with curve 3 throughout the season to indicate 100 
per cent parasitism. Actually, the parasite eggs are deposited at any 
time after the maggot approaches the third instar. Many eggs are 
deposited in maggots of the second instar; others are deposited in 
full-grown maggots on the point of lea^dng the berries. It seems 
probable that the average duration of life ot the parasite within the 
maggot is nearly equal to the duration of the third instar of the host. 
It would seem, therefore, that a fairly accurate estimate of the total 
seasonal parasitism of the bluebeiry maggot by Opius ■melleus on the 
plot under observation might be arrived at by a determination of the 
relative areas inclosed by curve 3 and by the “parasite” curve in 
Figure 5. A comparison of the areas of the two figures by means of 
a planimeter indicated a ratio of 1 to 0.4919. There was, therefore, 
a total seasonal parasitism of 49.19 per cent on the experimental area 
under observation. 

EFFECT OF OPIUS MELLEUS UPON THE ECONOMY OF ITS HOST 

If the determination of the total parasitism by Ophis rnelkus is 
difficult, the estimation of the effect of the parasite upon its host is 
much more so, and in the present state of knowledge must be little 
more than carefid conjecture. 

Discussing the importance of Opim fletcheri, Willard (9, p, ^34) 
states: “While this parasite alone vill never exex’cise a complete 
control over the melon fly in Hawaii, it has already proved of much 
value by decreasing the numbers of this pest considerably.” Data 
given by Willard show that the highest parasitism obtained in his 
study was 29 per cent of the susceptible larvae (melon-fly larvae 
emerging from cucumbers within two to four days after picking). 
The average parasitism was 18.1 per cent. 

The data presented in the present study show parasitism by Opim 
mellem as high as 49 per cent. The average parasitism in Table 6 
is 11.58 per cent and in Table 7 is 29.17 per cent. These estimates are 
based on the entire maggot population of the berries at the time the 
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samples were picked, and the total parasitism for the season has }3eeii 
shown to be considerably higher than estimates based upon the total 
maggot population of isolated samples. 

iF is evident that the percentage of parasitism of the. blueberry 
maggot by Ophis meUeus is as great as that which occurs in the case 
of sFiiie parasites which are considered important factors in reducing 
the population of imported insect pests. The percentage of parasit- 
ism alone, however, does not necessarily indicate the potential value 
of the parasite, for the effect of the parasite upon the abundance of 
the host is dependent upon a number of other factors, such as com- 
parative rates of reproduction and ecological competition. 

Opim meUeus and its host, the blueberry maggot, are both native 
to eastern Maine. The association between the two species has no 
doubt existed sufficientl}’' long for the complete establishment of 
mutual adjustments between the economy of the parasite and that of 
its host. It is not to be supposed, therefore, that 0. rnelleus is ac- 
tively reducing the population of the blueberry maggot, or that it 
will ever exert such an effect unless there should occur some marked 
change in the environment of the species. It seems clearly indicated, 
however, that this parasite is an important ecological factor in the 
balance which apparently exists in the bhieberry-maggot association. 

SUMMx^RY 

In connection with an investigation of the bluebeny maggot in 
eastern Maine during the years 1925 to 1929, a study was made of the 
biology of the parasite Opius melleus Gahan. 

Opius melleus is well fitted to parasitize the blueberry maggot 
The cvipositor of the female parasite is long enough to reach the host 
within the berry, and the life cycles of the two species parallel each 
other, to the advantage of the parasite. 

The full-growm larva of the parasite spends the winter within the 
piiparium of the host just beneath the surface layers of the soil Pupa- 
tion takes place within the pupariiim about 30 days before the adult 
parasite emerges. Adults be^n to emerge during the first two weeks 
in July, and in normal seasons emergence is almost complete })y the 
middle of August. Opposition begins early in August and continues 
during the period of abundance of suitable host larvae. 

During the three seasons for which records are available the 
females constituted an average of 37.68 per cent of the adults cap- 
tured in emergence cages. 

Lilm its host, the blueberry maggot, Opius fnelleus is capable of 
remaimiig in the soil for two or more seasons and then successfully 
emerging as an adult. 

Pluctuations of the population of adult parasites were studied by 
counts of unit areas in the field. The males reached maximum num- 
bers during the first few" days in August, when approximately 1,500 
individuals per acre w"ere present. The maximum iiiimber of females 
occurred 7 to 10 days later, with approximately 1,100 individuals 
per acre. 

Laboratory studies indicated that the average length of life of the 
adult parasites w"as 17.5 days, with no significant difference in the 
longevity of males and females. The simultaneous study of data 
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from field counts and ^ the emergence records indicates an average 
length of life of approximately 20 days. 

The female parasite deposits the egg directly into the bod}^ of the 
maggot. The egg hatches within three to six days. The parasite 
larva swims freely in the body cavity of the maggot, without injury to 
the host, until the host puparium is formed. Parasite larvae may be 
found in the maggots from early August until frost occurs — usually in 
late September or early October. 

After the formation of the puparium bj^ the host, the parasite larva 
undergoes rapid development, and the larval transformations are 
complete before freezing temperatures occur. 

Records of adults captured in emergence cages indicated parasitism 
of the blueberry maggot by Opius melleus ranging from 1.37 to 
29.66 per cent. Examinations of puparia indicated parasitism 
ranging from 3.28 to 49.42 per cent. A thorough study of the 
problem shows that the determination of the percentage of parasitism 
of isolated samples does not indicate the effective seasonal parasitism 
by 0. melleus. The most accurate estimate of the total seasonal 
parasitism was made by plotting the seasonal populations of maggots 
of the third instar and of parasites, and comparing the areas inclosed 
by the respective curves. ^ (Fig. 5.) 

"The percentage of parasitism alone, however, does not necessarily 
indicate the potential value of the parasite in reducing the population 
of the blueberry maggot, for a number of other factors, such as rela- 
tive rates of reproduction and ecological competition, must be taken 
into consideration. Inasmuch as both the parasite and its host are 
native to eastern Maine, their association has no doubt existed suffi- 
ciently long for the establishment of mutual adjustments in their 
economy. Opius melleus is not actively reducing the population of 
the blueberry maggot, and it will probably never have this effect 
unless some marked change in the environment of the species should 
occur. It seems clearly indicated, however, that this parasite is an 
important ecological factor in the balance which apparently exists in 
the blueberry-maggot association. 
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BASE-EXCHANGE MODIFICATIONS OF A LEONARDTOWN 
SILT LOAM UNDER FERTILIZER AND CROP CONTROL * 


By R. S. Holmes 

Associate Chemist, Division of^ Soil Chemistry and Physics, Soil Investigations, 
Bureau of Chemistry and Soils, United States Department of Agriculture 


INTRODUCTION 

The extensiye examination of the colloid of Leonardtown silt loanij 
the dominant type of the Leonardtown soil series, Holmes ^ revealed 
the fact that the colloid of this soil is remarkably constant in composi- 
tion so far as the main analytical constituents are concerned, but that 
the basic and acidic components are rather variable. The Maryland 
Agricultural Experiment Station has for the last 12 ^mars been con- 
ducting fertilizer treatment tests on a series of plots of Leonardtown 
silt loam situated about three-quarters of a mile east of La Plata, 
Charles County, Md. This area is extremely uniform in topograpl^q 


^ 200 FEET 



Figure l.— Ranges and plots at tlie XIaryland Agricultural Experiment Station, soil-fertility 
investigations, La Plata field. Only plots 1, 2, and 4 in each range were studied. The alleys 
between the ranges are 18 feet wide; the plots, 21 feet wide with 2-foot alleys between them. X in- 
dicates Iron stakes set in concrete 


and when the experiments were begun was very unproductive. The 
treatments given certain plots resulted in a marked alteration of 
crop yields. This area, therefore, seemed to offer special opportunity 
for a study of the base-exchange relationships between the untreated 
soil and the soil with improved fertilit}L^ It was hoped that such a 
study might reveal the changes in chemical composition of the colloid 
which were responsible for the marked alteration of crop yields 
effected by the soil treatment. 

DESCRIPTION OF AREA AND SOIL TREATMENT 

The soil under examination is a very level and apparently uniform 
area. It was divided into ranges and plots as indicated in Figure 1. 
In each range the exaniination was limited to the most productive 


A Keceived for publication Apr. 25, 1932: issued February, 1933. 

3 Holmes, li. S. variations of the colloidal material in typical areas of the leonardtown 
SILT loam soil. Jour. Agr. RCvSearch 36: 459-470. 1928. 

3 The data concerning the plots were placed at the writer's disposal through the kindness of Prof. J. E, 
Metzger and E. H. Schmidt, of the agronomy department of the University of Maryland. 
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plots numbered 1 and 2, and to the check plots numbered 4. In 
October, 1920, preliminary to starting the work, all the plots received 
a presumably uniform addition of limestone at the rate of 2 tons an 
acre. The operation of the plots began in the autumn of 1920. The 
whole series of plots was cultivated under the same 4-year rotation — 
corn, soybeans, Avheat, and grass. The plots, when in com, were 
given a cover-crop treatment of lye, which furnished green manure 
for the so3"beans. Plot 1 in each range received, previous to corn 
planting, 5 tons of manure an acre, together with 1,000 pounds of 
ground rock phosphate; each wheat crop received 5 tons of manure 
only. Plot 2 in each range received 10 tons of manure an acre for 
corn, and 400 pounds of superphosphate for each wheat crop. At 
the time of sampling, October, 1930, the total manure that had been 
applied to plot 1 in each range was 26.25 tons an acre; and to plot 
2, 25 tons an acre. Plots 1 had received 2,500 pou ads of rock phos- 
phate and plots 2, 1,200 pounds of superphosphate an acre. The 
effect of this treatment on the crop yield is indicated in Table 1 by 
the average vields for the 4-vear period 1926-1929 and the vields for 
1931. 

Table 1. — Yields on La Plata plots 


Year 

Plot 

NO. 

Wheat 

Corn 

Soy- 

beans 

Hay 

Year 

Plot 

No. 

Wheat 

Corn 

Soy- 

beans 

Hay 

4-year period ' 
1926-1929..., 

H- I 

^ 

Bush. 
17.51 : 
14. 15 

1 8. 16 1 

: Bush. 

1 :36.61 

1 36. 72 

1 15.22 

Bush. 
14. 03 ' 
14. 19 
5. 75 

Tons 

2. 28 
1.34 i 
.83 

1 1931 

|i ' 

hi 

Bush. 
30.2 ! 
26.7 
11.0 

Bush. 

59.1 

47.7 

27.9 

Tons “ 
1.41 

1. 18 
.80 

Tons 

1.00 

.65 

.30 


U- 


« The soybean crop for 1.9:41 was harvested as hay. 


Although the growing season of 1931 was especially favorable for 
certain crops, and the actual yields of wheat and corn greatly exceeded 
the 4-year average, the difference between the plots which had been 
fertilized and the clieck plots is equally well marked. 


COLLECTION AND EXAMINATION OF SAMPLES 


By means of a King sampling tube 20 samples were taken along the 
longitudinal center of each plot to the mean plow depth, about 5 
inches. These samples were thoroughly mixed, and the composite 
material exainined. ^ Range 2 was in corn, and some difficulty was 
exp^eiienced in obtainiiig subsamples of uniform depth, because of 
suiTace irregularities. Range 3 was in soybeans, and the surface 
was in a very piilvenilent condition, whicfi also rendered accurate 
samplmg difficult. Range 1, in clover, and range 4, in wheat, were 
more level and compact, and the samples from these ranges doubtless 
mpresent the mean soil values better than those from ranges 2 and 3. 
The samples were subjected to mechanical analysis bv the pinette 
method.'^ The data so obtained are given in Table 2. 


H E. apipette method op mechanical 
p?. iHus. mo. improved dispersion procedure. IT. S. Bept. Agr. Tech. Bui. 
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Table 2. — Mechanical analyses of composites from, different soil plots 


Range 

No. 

Plot No. 

Fine 
gravel, 
2-1 mm 

Coarse 

sand, 

1-0.5 

mm 

Medium 

sand, 

0.5-0.25 

mm 

Fine 

sand, 

0.25-0.1 

mm 

Very fine 
sand, 
0.1-0.05 
mm 

Silt, 

0.05- 

0.005 

mm 

(^lay, 

O.OOo-O 

mm 

Inor- 

ganic 

colloid, 

0.002-0 

mm 

Loss by 
H 2 O 2 
treat- 
ment 



Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 


11-.- 

1. 1 

4.5 

7.1 

9.6 

5,4 

51. 4 

20.9 

12.0 

l.S 

1 

Jo 

.8 

4.4 

6.9 

8.8 

5, 6 

52.6 

20.9 

11.9 

2.6 


u 

.6 

4.5 

7.1 

8.8 

5.2 

54.4 

19. 4 i 

11.1 

1.5 


11- 

! • ” 

4.3 

8.0 

10.5 

6.0 

52.8 

! 17.7 1 

10.6 

1.8 

2 

{2 

I .8 

4.2 

8.5 

11.0 

5.6 

50.8 

19.1 ! 

11.7 

1.9 


[i 

.4 

3.7 

8.4 

11.3 1 

5.9 

49. 1 

20.6 j 

13,2 

1.6 


:I1 

1.0 

3.9 

7. 7 

10. 5 ! 

6.0 

51.0 

19.9 ! 

12.5 

■1.8 

3 

sJo 

. 7 

4.6 

8-3 

11.3 

6.4 

50. 1 

18. 7,. 1 

11.6 

1.4 


u 

.7 

4.8 

8.3 

11.3 

6.8 

50.0 

18. 1 

11.3 j 

1.2 


Ml 

.5 

3.9 

7. 5 

10.0 

6.5 

52.6 

19. 1 

11.2 ’ 

1 2.0 

4 

k '2 

1. 1 

3.9 

6.9 

9.6 

6.1 

51.6 

20.8 

12.3 

l.S 


h - 

i 

.6 

5.0 

6.7 

9.1 

6.5 

53.0 

18.1 

10.8 

1.4 


The samples were not subjected to complete chemical analysis, nor 
were the colloids analyzed because of the known character of the 
material."’ 

Two hundred grams of each sample was digested with 2 liters of 
0.05 normal hydrochloric acid for 18 hours and then filtered and 
washed by means of a Pasteur-Chamberland filter. The filtrate was 
evaporated and analyzed. Tliis procedui'e may be expected, as 
shown by Mattson,® to extract essentially the same base-exchange 
and acid-exchange materials as would be obtained by electrodialysis. 
The results obtained, expressed as milliequivalents per 100 g ^ of 
dry soil, are given in Table 3. 


Table 3. — Constituents of soil soluble in N/^0 hydrochloric acid 
[Results expressed in milliequivalents per 100 g of air-dry soil] 


Range 

No. 

Plot No. 

Ca 

Mg 

K 

Na 

Ain 

A1 

Fe 

Si 

P 2 OS 


11 - - 

3. 36 

0. 30 

0. 17 

0.09 

0. 68 

6. 66 

0. 34 

0. 50 

0.22 

1 

-2 

2.28 

. 27 

.13 

.06 

.82 

4.65 

.35 

.53 

.05 


k— - 

2.22 

.21 

.07 

.07 

.56 

4.26 

.30 

.60 

.02 


11 

4.98 

.47 

.26 

.27 

. 51 

13. 30 

. 75 

1.42 

.20 

0 

J 2 

5. 78 

. 63 

.22 

.28 

. 59 

11.30 

.64 

1. 92 

.Oti 


k----ik.- : 

2.67 

.33 

. 14 

.38 

. 51 

11. 60 

.45 

1. 52 

.02 


Ml—- 

5. 15 

. 63 

.23 

.23 

: .73 

16.30 

,53 

2. 12 

.21 

3 

2 

3. 06 

.58 

.22 

.24 

! . 55 

11.88 

.41 

1. 82 

i .06 


k-- — ■ 

6. 32 

.80 

, 15 

.24 

1 , .39 

9.65 

.37 

1. 76 

1 .02 


ii 

4.54 

.47 

.20 i 

.08 i 

.93 

6.88 

.37 

.80 

i '.28 

4 

Jo 

2.73 

.35 

.15 

.07 

. 65 

5.29 

.27 

,60 

I .06 


k— 

2. 00 

.29 

.07 

,08 

1 .45 

4. 18 

.22 

. 60 

1 ,03 


Average of plots numbered 1 

4.51 

.47 

,22 

. 17 

.71 

10.78 

.50 

1. 21 

■" .23 


Average of plots numbered 2 

3. 46 

.46 

. 18 

.16 

.65 

S.2S 

.42 

1.22 

. ot:> 


Average of plots numbered 4. - 

3. 30 

.41 

.11 

.19 

1 .48 

7.42 

.33 

1. 12 

,02 


The base-exchange components were also determined by leaching 
100 g of each of the samples with 1 liter of normal ammonium acetate 
solution of pH 7. The procedure followed was that of Schollenberger 


« Holmes, B.S. Op. cit. 

6 Mattson, S. electrodjalysis of the colloidal soil material and the exchangeable bases. 
Jour. Agr. Research 33: 553-567, illus. 192(5. 

is the abbreviation for gram or grams recently adopted by the Style Manual for U. S. Government 
printing.. 
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and Dreibelbis.^ Tli€^ leachate was evaporated to diyiiess and 
analyzed. The results obtained are given in Table 4 . 


Table 4. — Constiluenis of soil soluhle in normal ammonium acetate soUdion 


[Piesnlts expressed in niilUequivolenis per 100 g of air-dry soiI[ 


Ranse 

N«i. 

riot No. 1 Ca 

Mg 

K 


Mn 

AI 

Si 


i : 2.87 

0. 53 

0. 16 

0. 19 

0. 07 

0.52 

0. 10 

1 

■2 ^ 2.95 

.45 

. 15 

. 19 

.06 

.48 

. 13 


14 ' 3.08 

.43 

. 11 

. 15 

. 06 

.42 

. 04 


!! - ; 4.00 

. 54 

.20 

.40 

.19 

.60 

. 17 

9 

■ 2, i 5. 35 

. 72 

. 12 

.38 

.17 

.21 

.43 


tr ^ 2.86 

.37 

.10 

. 46 

. 17 

.62 

.24 


n 4.10 1 

.50 

.14 

.43 

, 06 

.56 

.25 

3 

2. i 3.50i 

■ .48 

. 16 

.43 i 

. 14 

. 60 

.32 


■14 -.J 6.S3 1 

.47 

. 06 

. 38 : 

.06 1 

.38 

.30 



.58 1 

1 .21 

. 16 i 

.07 

. 50 i 

.09 

4 

ly I 2.97! 

! .62 

1 . 15 

• 1 

.07 

.41 

. 16 


bl -.J 2.21 i 

. 35 i 

.10 

. IS j 

.07 1 

.50 

.36 


Average of itioTs mimbered 1 -J 4.31! 

.54 

. IS 

.29 ! 

. 10 

.54 

. 15 


.\verage of plots numbered 2 ! 3. 60 ! 

. 57 

i . 14 

.29 1 

1 .11 

.42 

. 26 


Average of plots numbered 4 ! 3.74; 

. 40 1 

.09 

.29 ' 

.09 ^ 

.48 

. 23 


111 addition to these examinations for base-exchange materials, the 
soils were examined to determine a number of other properties in 
respect to which the fertilizer and crop treatment might be expected 
to produce differences from the check plots. These determinations 
and the resulting values are given in Table 5 . 


Table 5. — Miscellaneous chemical and physical deter mmaiions on Leonardtown 

silt loam 


Range 

No. 

riot No. 

Organic 

matter 

N 

NOs 

Organic 

matter 

Carbon 

P‘2C)3 

Soluble PaOr, 

Nitrogen 

Total PaOs 

N itrogen 



Per cent 

Per cent 

Per cent 



Per cent 

Per cent 


p — ----- 

2, 08 

0.087 

0.0019 

23. 9 

13. 6 

0. 083 

6. 15 

1 


1. 75 

. 079 

.0012 

99 9 

13.0 

. 05S 

2. 08 


14. 

1.41 

.060 

. (K)2 

22. 1 

13.5 

. 050 

1. 00 


P— — - - 

1.91 

.087 

.0016 

22. 0 

11.7 

.114 

4.21 

2 ' 


1. 74 

1 .078 

. 0041 

j ■ 22. 3 

13.0 

.083 

1. 81 


14 ! 

1.69 

i .073 

.0018 

! 23 ! 1 1 

13.4 i 

. 074 1 

.67 


!'I 

1. 89 

1 Qgg 

001 1 

i 22. 8 




3 

iv' ! 

1.75 

' , 076 i 

.006 

So 

ii5. U 

13 3 ' 

. 1‘i*) 

• 0R9 

0 . 0 1 

1. 46 



1.21 

I .052 

. 0011 

! 23.2 

I 13.4 

1 . 067 

. 75 


I'l - - — i 

1.91 

! .078 

.005 

24. 5 : 

; 13.0 ' 

i . 082 

1 7.07 

4 i 


l.SO 

1 .079 

.005 

22 . 7 i 

1 13. 2 j 

.062 

! . 2. 08 


14 1 

1. 40 j 

1 . 061 

.002 

22 , 9 ' 

1 13. 3 

1 .054 

I 1. 47 


Average of plots nuin- . 






I 



bared 1 . i 

1.95 

.084 

.0024 

23. 3 

12. S 

. 106 

5.23 


Average of plots num- j 






! 



bered 2 

1,. 70 1 

.078 

.0041 

22 . 5 

13.1 

. 073 

1.86 


Average of plots mini- l 






!• 


! 

bered 4. ! 

1.43 

.061 

.0017 

,22.8 

13. 4 

. 061 

' .97 


9 ScHOLLENBERGiiR, O, J., and Dreibelbis, F. R. analatical methods in base exchange investi- 
gations ON SOILS. Soil Sei. 30: 161-173, illus. 1930. 
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Table 5 . — Miscellaneous chemical and physical dctermmatioiis on LeonareUmvn 

silt loam — Continued 


Range 

No. 

Plot No. 

Moisture 

eciuiv- 

alent 

Colloid 

mechani- 

cal 

analysis 

Colloid 

by 

water- 

vapor 

absorp- 

tion 

Total 

base- 

exchange 

capacity 

per 

100 g 

Acid- 
ity 
per 
100 g 

Degree 

of 

satura- 

tion 

pH 



Per cent 

Per cent 

Per cent 

Ml 

Mg 

Per cent 




20.4 

12.0 

10.1 

14.8 

3. 6 

75. 7 

5.5 

1 

Jo 

20.0 

11.9 

9.6 

14.3 

3. 36 

76. 5 

0.8 


u 

20.3 

11. 1 

8.4 

14. 1 

2. 56 

81.8 

6.1 


(1 

20.3 

10.6 

8.8 

15.0 

2. 92 

80.3 

5.8 

2 

Jo 

20.4 

11.7 

8.7 

14.4 

1. 82 

87.2 

6.9 


[i 

19.8 

13.2 

9.9 

14.5 

3. 12 

78.5 

5.6 


fl- 

19.9 

12.5 

10.9 

15. 6 

3. 04 

80.5 

6.1 

3 

)2 - - 

19.8 

11. 6 

9.2 

14.0 

2. 80 

80. 0 

5. 8 


U- 

18.6 

i 11. 3 

8.0 

13.9 

1.36 

90.2 

7.3 


[1 

21,2 

‘ 11. 2 

8.3 

14.1 

2. 72 

80.7 

5.9 

4 ! 

• 2 .-- 

21.1 

12.3 

9.6 

13.7 

2. 40 

82.5 

5.7 


U 

19.5 

10.8 

7.8 

13. 2 

2.48 

81.1 

5.6 


Average of plots numbered 1 _ . 

20.4 

11.6 

9.5 

14. 9 

3. 07 

79.3 



Average of plots numbered 2. , 

20.3 

11.9 

: 9.3 

14.1 

2. 59 

81. 5 



Average of plots numbered 4__ 

19.5 

11.6 

8.5 

13.9 

2.38 

82,9 



DISCUSSION 

The mechanical analyses of the samples (Table 2), although they 
show some differences, on the whole bear out the assumption of 
uniform texture throughout the area of the plots. Some divergence 
is to be expected owing to the conditions existing in the soil at the 
time of collection. Moreover, as Table 5 shows, the variations in 
organic matter affect the degree of dispersion, since not all the organic 
matter is removed by hydrogen peroxide. 

The analyses of the acid extract (Table 3) reveal the fact that in 
general the extracted components of the check plots are slightly less 
than the corresponding materials from the fertilized plots. This was 
to be expected, particularly in the case of calcium and phosphorus 
because of the large additions of these materials. The addition of 
calcium did not, however, make the calciimi content of the fertilized 
plots greater than that of the check plot in range 3. That so large a 
quantity of calcium and magnesium was actually present in this 
check plot is shown not only by its exceptional pH value as compared 
with the pH values of the other check plots, but also by a determina- 
tion of the calcium carbonate content. This latter value is 0.07 
per cent for the check plot in range 3 as compared with 0.02, 0.03, 
and 0.05 per cent for the other check plots. These quantities were 
determined by the method outlined by Alexander and Byers.^ The 
presence of calcium carbonate may be owing to the result of an undue 
share of the added crushed hmestone previously mentioned. Some 
adventitious change in this plot is evident in other respects also, though 
the differences have not been adequate to alter its general yields 
materially: This increased solubility of the components of the 
fertilized plots is relatively much greater in the case of the phosphoins 
pentoxide. There is, however, but little differenGe between the 
effects produced by rock phosphate and superphosphate. The 

« Alexander, L. T., and Byers, H. G. a critical laboratory review of methods of determimng 
ORGANIC MATTER AND CARBONATES IN SOILS. U. S. l^opt. Agr. Tcch. Bill. 317, 26 p-, illllS, 1932. 
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soluble pliosphorus pentoxide of plots 1 bears about the same ratio 
to that of plots 2 as the phosphorus pentoxide of the rock phosphates 
added to plots 1 bears to the phosphorus pentoxide of the superphos- 
phate added to plots 2. The rock phosphate added to plots 1 is 
equivalent to about 1,000 pounds of phosphorus pentoxide an acre, 
whereas the superphosphate added to plots 2_is equivalent to about 
175 pounds an acre. There is, however, but little difference between 
the crop yields of plots 1 and plots 2. This would indicate that more 
rock phosphate was added to plots 1 than was necessary. It seems 
evident, therefore, if we compare Tables 1 and 3 that the outstanding 
characteristic of this area, so far as inorganic constituents are 
concerned, is a deficiency in phosphates. 

The increase in solubility of the aluminum in the fertilized plots is 
marked and again is greater in the plot 1 series than in the plot 2 
series, and is, in all cases, greater than the check plots in the same range 
of plots. The writer has no explanation to offer for the relatively 
much greater solubility shown by all the plots in range 2 (in corn when 
the samples were taken) and range 3 (in soybeans). The alterations 
in the solubility of silica are not marked by the action of the fertilizer 
additions, but the ratio of alumina to silica (8.91) is of an order that 
indicates free alumina or the decomposition of colloid by the acid. 
There seems to be no explanation in the history of the soil treatment 
for the greater solubility of silica and alumina in ranges 2 and 3. 

The general trend for manganese and for potassium is in the direc- 
tion of increased solubility with the more effective fertilizer treatment, 
but the alteration, as shown by the averages, is not very strongly 
marked and in both cases may be due to absorption of these elements 
from the added manure. 

The data given in Table 4 for calcium, magnesium, and potas- 
sium show the same general relationships as those given in Table 3. 
The quantity of sodium dissolved is apparently somewhat greater 
but does not reach values of any special significance. On the other 
hand, the manganese dissolved by the ammonium acetate is approxi- 
mately one-fiftli to one-seventh of that dissolved by the 0.05 normal 
acid. The aluniinimi dissolved is but one-twentieth of that soluble in 
acid, and the iron and phosphoric acid content of the dissolved ma- 
terial are reduced to a trace. Schollenberger and Dreibelbis believe 
that ^^any aluminum found in ammonium acetate extract of soil may 
be presumed to have entered the solution by true exchange.” If this 
is true, it follows that exchangeable alumina in the small quantities 
present is not toxic, since the plot 1 series have a somewhat higher 
content and are notably more productive than the check plots. 

In Table 5 are shown a number of determinations that are signifi- 
cant. The addition of the manure has markedly increased the organic 
content, as measured the combustion method, of the plots to which 
it was added; yet the increase is apparently less when the manure is 
associated with superphosphate. The organic matter in the check 
plots remains considerable, even though no addition has occurred, 
certainly not during the 10-year observation period and possibly 
for a much longer time. Yet the organic matter-nitrogen ratio shows 
no appreciable alteration d.ue to increase of organic content, and the 
carbon-nitrogen ratio also is almost constant. It follows from these 
observations that the nitrogen content alters with the organic content. 
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In the nitrate content of the soils the only definite trend observed is 
in the check plots, where the nitrate content is much lower, except 
in range 2, from which the corn crop has just been harvested. There 
is no apparent explanation of this variation since the plots were all 
very dry and had remained so for many weeks before sampling. The 
determination of the total phosphoric acid accounts fairly accurately 
for the total phosphates added to both series of plots 1 and 2. The 
percentage of the total phosphate soluble in acid is strikingly greater 
in the plots treated with rock phosphate and makes very apparent 
the probable cause of the variation in yields shown in Table 1. 

The moisture-equivalent measurements show no sharpl}^ altered 
water-holding capacity in the fertilized and unfertilized plots and are 
of about the order of magnitude that would be expected from the 
differences in organic-matter content. The quantity of colloid in the 
plots, as shown by mechanical analysis (0.002 mm fraction), indicates 
no alteration, and the quantity differences, as showm by the wmter- 
vapor absorption method, are such as might be expected from the 
known difference of absorption values of organic and inorganic colloids. 
Similarly, the base-exchange capacity of the plots is that wdiich would 
be expected from the organic-matter differences in them. 

In general the total exchangeable acids of the fertilized plots vary 
vdth the pH and average higher than in the check plots. The higher 
value in the check plot of range 2 is undoubtedly due to the addition 
of the manure to this range in the spring of the year in which the 
sampling was made. As a result of the increased quantity of organic 
matter in the fertilized plots, the mean values of the degree of base 
saturation is lower than in the check plots. These latter values also 
indicate that the degree of base saturation is sufficient to maintain 
good crop conditions, and they tend to confirm the comment pre- 
viously made that the deficiency in this soil which limits production 
is the small content of available phosphorus. 

The range of pH values showm by the soils of these plots is narrow 
and apparently gives no indication of productivity. 

SUMMARY AND CONCLUSIONS 

This paper reports a study carried out for the purpose of ascertaining 
the chemical changes in the soil colloid of a given soil type resulting 
from a treatment which changed the soil from a condition of compara- 
tive nonproductivity to one capable of increased crop yields. The 
data presented indicate that the only apparently essential alteration 
consists in the supply of available phosphorus. Whether the coin- 
cident increase in organic matter has had a part in rendering the 
phosphate available or whether the organic supply in the check 
plots is adequate, is not clear from the analytical evidence. It is 
also true that the fertilizer treatment given the plots has increased the 
average available potassium, manganese, magnesium, and calcium, 
and the total nitrogen content of the treated plots. It is not clear, 
however, that these alterations are of great significance; in particular 
it appears that increase in the available calcium with the consequent 
change in pH value of the check plot of range 3 is not followed by 
increased productivity. 

The results of this study, which are in accord with those obtained 
by Holmes in a study of the colloid of Leonardtown silt loam, make it 
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clear that the plant food present, with the exception of phosphorus, is 
adequate for good crop yields. 

It appears from the data obtained that, although N/20 hydrochloric 
acid and normal amiiionium acetate are essentially equally effective 
in the reinoval of exchangeable bases from this soil, the effect of 
these reagents on the sesquioxide, phosphoric acid, and silica are 
very different. It does not seem possible, from the data, to draw 
any coiicliisions regarding the ratios of plant-food materials which 
favor prodiictiAity. 



OBSERVATIONS ON A SEVERE OUTBREAK OF MYCOSIS 

IN CHICKS' 

By Eewin L. Jungherr 

Associate in Animal Pathology, Department of Animal Diseases, Connectimd 
{Atorrs) Agricultural Experiment Station 

INTRODUCTION 

During the summer of 1931 the writer was called upon to investigate 
losses of cliicks in a Connecticut hatchery that amounted to approxi- 
mately lOjOOO out of 50,000 hatched during the season, or about 20 
per cent. This hatchery specialized in Single Comb White Leghorn 
pedigreed stock, and was in the process of eradicating pullorum 
disease according to the Connecticut official plan. 

At first an unusual outbreak of bacillary white diarrhea was sus- 
pected, but detailed bacteriological examination of 45 cliicks failed 
to reveal infection from this source. On further study the condition 
was found to be characterized by whitish lesions in the crop and by the 
presence of yeastlike fungi in the digestive tract. The disease was 
finally determined to be thrush, muguet (BTench), or Soorkrankheit 
(German). 

LITERATURE 

According to Kaupp,^ chickens and turkeys affected with thrush, 
aphtha, or sore mouth appear dull and emaciated and often die in 
convulsions. The mucous lining of the mouth and esophagus shows 
whitish or brownish-yellow adherent deposits consisting of micro- 
scopic hyphae and oval spores of Oidium, {Saccharomyces) albicans. 
Van Heelsbergen ^ calls the disease oidiomycosis, and describes it 
as an affection of the mucous membrane of the mouth, fauces, esopha- 
gus, crop, stomach, and small intestine of birds, mammals, and man. 
Young chickens, pigeons, geese, and turkeys appear to be especially 
susceptible. However, according to Lahaye, as quoted by Van 
Heelsbergen,'^ thrushlike affections in pigeons are often caused by 
fowl-pox virus. In the description of stomatitis oidica of birds, 
Hiityra and Marek ^ quote Schlegel who observed cases in wliich the 
mouth cavity showed only discoloration, wliile the glandular stomach 
and gizzard revealed true thrush mycosis or ulcerlike foci. 

On the whole, a study of the available literature leaves the impres- 
sion that the disease is of epidemiological importance in pigeons 
but not in chickens. 

The disease reported here appears to be different from the mycosis 
of birds described by Staub and Truche,® for in the writer’s cases the 


^ Received for publication Apr. 11, 1932, issued February, 1933, 

2 Kaupp, B. F. poultry diseases and their treatment. Ed. 5, rev. and enl., 436 p., illus. Chicago. 
■1929. , ,■ 

‘Heelsbergen, T. van, handbuch der geflCgelkeankheiten und der geplugelzucht. 60S p., 
illus. Stuttgart. 1929. 

^ Heelsbergen, T. VAN. Op. dt. 

‘5 Htjtyra, F., and Marek, J. special pathology and therapeutics of the diseases of domestic 
ANIMALS. 3dauthorized Amer. ed, from 6th rev. and enl. German ed., 3 V., illus. Chicago. 1926. 

6 Staub, A., and Truche, G. the fight against infectious diseases of poultry in prance. 4th 
^World’s Poultry Cong. Rpt. 1930 (See. C): .386-388. 1931. 
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heart; liver; and peritoneum did not show the^ typical whitish films. 
It likewise differed from mycosis of turkeys, said bj?" some to be iden- 
tical mtli oidioiiwcosis of chickens.” The writer ® has found the 
former disease to be characterized by yellow, conical, slightly curved 
processes with a hemorrhagic areola. These j'Oimg lesions may 
become confluent and form extensive ulcers in ^ the crop, esophagus, 
and glandular stomach. Such pathological manifestations, aside from 
the unknown etiology of mycosis in turkeys, constitute, in the writer’s 
opinion, a distinction between thrushlike affections of turkeys and 
cliickens. 

EPIDEMOLOGY 

The plant in which the present observations were carried out was 
situated on a well-drained hilly plateau and spread out over con- 
siderable territory. Brooding was carried on in 9 by 12 foot colony 
houses which were kept rather warm during the summer. The 
disease first appeared in the second or third hatch of the season, 



Figure l.— Average daily mortality of 4,919 chicks during the first 60 days after hatching as 
compared with normal mortality expectancy 

during the nfiddle of April, increased in intensitj^ during June and 
July, and disappeared at the end of August. 

Clinical symptoms appeared from six to seven days after hatching 
and consisted of dullness, listlessness, huddling together, and marked 
roughness of the feathers. Gaping and diarrhea were not noticed 
as flock symptoms. Mortalit}'" started almost simultaneously with 
the appearance of clinical evidence, and reached a peak about the 
tenth day and again about the thirtj-first day after hatching. Clucks 
that reached the age of 60 da^^s had apparently recovered from the 
disease and developed into normal birds. 

Daily records were kept of the mortality in 10 colony houses having 
a population of 4,919 clucks. From these records "^the total daily 
mortality was computed in terms of percentage and the data plotted 
as shovm in Figure 1. For comparison, a coiuesponding line was 
plotted, based on a normally expected mortality of 15 per cent during 
the first 60 days after hatching-. This latter figure was taken as the 
Mgh average of a 3-year cMck-mortality survey carried out in 
Connecticut.® 


^ Hutyra, F, and Maeek, J. Op. cit. KArPF, B, F. Op. eit. Heelsbergen, T. van. Op. cit. 
“JiTNGHERE, E. TWO INTERESTING TURKEY DISEASES. Jour. Amer. \ et. Med. Assoc. 71; 636-641 
illus. 1927. . , ' 

_ S Jones, R. E. three YEiiRs’ grow healthy chicks survey figures. Goim. Agr. Ext. Serv., Home 
Egg Laying Contest V. 10, 1st issue Nr^vember, 192S. 
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The mortality in the 10 colony houses under observation varied 
considerably, as is shown in Figure 2 . The thin lines represent in- 
dividual cofony houses, the numbers indicating the population. The 
heavily stocked colony houses appear to have suffered most, and over- 
crowding may therefore be considered a factor in the spread|of the 



Figure 2.— Mortality of 4,919 chicks in 10 colony house.s during the first 60 days after hatching, as com- 
pared with normal mortality expectancy-; numbers indicate population of colony houses; heavy line 
shows total average mortality 


disease. The thick hue represents a total average mortality of 63 per 
cent. 

During the ravages of the disease various changes in management 
were made in an attempt to check the losses. The results are shown 
in Table 1. 


T.\ble 1 . — -Comparisoji of loss of chicks reared under different conditions 


Point of comparison 

Condition of rearing 

N umber 
of chicks 

Number 

died 

Per cent 
of loss 
during 
first 60 
days of 
life 

Eggs and incubators.,. 

[ N ati ve « eggs hatched in native incubators. . . _ , . 

' 3,858 

2, 606 

;■ ' 67. 5 

' Native eggs hatched in foreign " incubators 

[Foreign eggs hatched in foreign incubators 

760 ' 
302 1 

. ' 424 
99 

55. 8 
32. 8 

Sanitation in colony 

I Chicks in colony houses cleaned once a week.,.. 

■' 559 1 

514 

91.8 

house.-.,-. -..I. 

• Chicks in colony house cleaned once a dav 

[Chicks in colony house on wire floors....' 

^ 588! 

243 , 

41.3 

:.4S2j 

■ ' 202 

41. 9 


® Native— on the original hatchery plant; foreign=away from the original hatchery plant. 


_ It will be seen that a change in incubators brought about a slight 
decrease in mortality, but certainly not enough for all the losses to be 
attributed to incubation. Even chiclvs from an entirely different 
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source became affected by tlie disease when brought to the premises, 
suffered a loss of 32.8 per cent. Neither a daily cleaning of the colony 
houses nor the use of wire floors was very eftective in controlling the 
disease, for the losses under strictly sanitary conditions amounted to 
41.9 per cent. 

The total actual mortality in this outbreak can only be estimated, 
since about 90 per cent of the total output of 50,000 was sold as day- 
old chicks. According to the original owner, the purchasers reported 
losses aggregating 6,000, under circumstances very closely resembling 
those observed on the home plant. While there is no direct eAndence 
that all of these 6,000 chicks died from the same cause, the writer 
found the cliaracteristic lesions of thrush in the organs of five abnor- 
mal chicks selected at random from a group that had been purchased 
from the home plant. The losses were reported principally by buyers 
of large lots ; the buyers of small lots, or rather those who brooded the 
chicks in small flocks or batteries, apparently had better luck. The 
widespread reports of losses would indicate that feeding methods, 
which were known to be cpiite varied among the owners, could not 
be considered an important factor in the trouble. 

PATHOLOGY 

In a study of the disease it was surprising to find that gross lesions 
in chicks from 2 to 3 weeks old were often so small as not to be easily 
distinguishable. In older chicks gross lesions tend to become local- 
ized in the crop and are readity recognized. In 120 field cases recorded, 
84 showed lesions in the crop, 29 in the proventriculiis, 53 in the 
gizzard, 6 in the liver, and 44 in the gall bladder; in 12 field cases no 
macroscopic lesions were observed. 

In very young chicks the gross lesions in the crop consisted of 
pinhead-sized whitish nodules, and in older chicks of circular whitish 
ulcerlike patches (fig. 3, A) ranging in diameter from 1 to 5 mm., or 
of grayish-white pseudomembranes often forming a ridge along the 
folds (fig. 3, B). Very often only loose necrotic material with no 
apparent injuiy to the underlying tissue was found. As a rule, the 
unopened crop appeared tympanitic on palpation. 

A microscopic examination of the crop showed extensive destruc- 
tion of the stratified epithelium deep in the Malpighian layer (fig. 3, 
C), and quite often walled-off ulcers (fig. 3, D) or extensive diph- 
theroid to diptheritic membranes. The lesions were characterized 
b}- the absence of inflammatory reaction. 

The pro ventricular wall appeared at times diftiisely swollen, or 
exhibited whitish, opaque, circular areas on the serous surface. The 
miicoiis surface was covered with brownish or mucoid exudate. 
Under the microscope necrotic lesions were seen in the epithelium 
of the siiperficial glands and in the centers of small lymph nodes. 
(Fig. 4, A, and B.) 

The corneous lining of the gizzard frequently revealed ulcers 
(fig. 4, C), especially in the cardiac region (fig. 4, D), or old hemor- 
rhages which were \T.sible by transmitted light (fig. 4, E). The true 
mucous membrane of the gizzard had usually lost its normal glossi- 
ness and appeared opaque and grayish white, or it showed whitish 
shallow ulcers. On microscopic examination, the ulcers in the lining 
were found to consist mostly of craters in the tissue, with little cellular 
reaction around them. 
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1513, showing circular mycotic lesions, X 3; B, inverted crop 
x\o. M83, showing mycotic lesions along the folds, X 3; C, section of crop No. 1500, showing extern 
sive destruction of stratified epithelium, X 100; B, section of crop No. 1642, showing walled-off 
uiC0r* 70 


S} bl*^dder was often enlarged and the bile thickened. 

ine duodenum appeared congested and hemorrhagic, and the caecal 
contents foamy. In some instances the caeca contained large nuni” 
bers of a protozoon which morphologically resembled Trichomoms 
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r iGURE 4.— A, Section of proventriculus No. 1732, showing necrosis of epithelium of 
superficial glands, X 70; B, section of proventriculus No. 1731, showing focal necrosi.s of 
lymph nodule, X 70; C, inverted gizzard No. 1596, showing superficial ulcer in corne- 
ous lining, X 2; D, inverted gizzard No. 1673, showing circular ulcers at cardia, X 2; 
E, corneous lining of gizzard No. 1772, photographed by transmitted light, and show- 
ing old hemorrhages and whitish, shallow ulcers, X 1.5 
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eberthi; occasionally they contained heniorrhagic cores which were 
probably due to an interciirrent infection with Eimeria tennella. 
The kidneys often appeared pale and slightly tumefied. The ureters 
were distended. 

ETIOLOGY 

In the literature the statement is frequently made that hyphae 
can be demonstrated readily in scrapings of lesions. In the present 
study mycelial threads wmre found infrequently, but spores could 
be seen, although recognition of them as such was attended mth 
some difficulty. 

Since cultural studies on routine laboratory media were inconclu- 
sive, the use of Sabouraiid agar vras resorted to. From 64 field cases 
that were cultured yeastlike fungi were isolated in 54 instances from 
various organs, such as the crop, pro ventriculus, gizzard lining, true 
mucous membrane of the gizzard, the liver, gall bladder, and intestine. 
As a rule, only one type of organism was isolated from any one 
organ. 

The types of yeastlike fungi isolated fall into three main groups, 
according to their growth characteristics on Sabouraiid agar. The 
fost t3^pe, which was isolated 38 times, produced a diy, whitish, 
high convex colony, consisting of spherical conidia with little or no 
mycelial structures in jmimg cultures. This organism produced gen- 
eral infection in rabbits, on intravenous injection, and according to 
Benham resembled Monilia albicans. The second type, which was 
isolated 16 times, developed a rough, feathery, adherent colony, con- 
sisting of thick mycelium and spores. It was not pathogenic to 
rabbits and resembled Oidium lactis. The third t\^pe, isolated fifteen 
times, produced a smooth, grayish, flat colony, consisting of small 
elliptical conidia. It was not pathogenic to rabbits and resembled 
Mordlia krusei. 

In an effort to reproduce the disease b}^ artificial infection, tests 
were made with 52 chicks ranging in age from 3 to 22 days. Five 
chicks were fed with a composite fecal specimen from field cases. 
Four of the chicks succumbed to the infection. (Table 2. ) All showed 
typical lesions in the crop (fig. 5, B) and one of them in the mouth, 
also. Tliis was the only mouth lesion seen during the outbreak. 
Alonilia albicans was isolated from the principal lesions. This experi- 
ment proved rather conclusively that droppings from diseased birds 
are infectious and that Af. albicans must be considered the principal 
cause of the disorder. To test the pathogenicity of pure cultures, 
47 of the 52 chicks were injected in dffierent ways. AY. albicans was 
found to be highly pathogenic, lacbis much less so, and AY. 

krusei apparently not harmful under experimental conditions. 
(Table 2.) 

The method of administration, whether oral, subcutaneous, intra- 
venous, or intraperitoneal, did not seem to he of particular impor- 
tance in the demonstration of pathogenicity, but the age of the chick 
appeared to be a definite factor,, chicks from 1 to 2 weeks old being 
most susceptible. 

Hutyra, F., and Marek, J. Op. cit. Kaxjpp, B. F. Op. cit. Heelsbergen, T. van. Op. cit. 

Benham, R. W. Private commumcation. 1931. 

' 158010—33—6^ 
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In these experiments the time from artificial infection to death 
ranged from 10 to 45 days, the average being 31 days. It should 
be kept in mind, however, that these experiments took into account 


Figured.— A, Section of liver No. 1724, showing focal necrotic areas, X 140; B, inverted crop No 
15S6, showing lesions produced in chick by feeding fecal material from infected birds/ X 3; G, sec- 
tion of crop No. 1621, showing numerous mycelial structures in stratified epithelium, X 200: 1), 
section of crop No. 1488, showing clusters of spores in stratified epithelium, X 600 

only actual mortality and not morbidity, which is known from field 
observations to be always considerably higher. 

In a further study of the mode of transmission of the disease 100 
eggs were hatched in sterilized incubators and the chicks reared in 
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sterilized batter^^ brooders. In the ci-ops of fonr of these chicks 
characteristic lesions of thrush were found and Monilia albicans iso- 
lated from them. Some of the hens from the poultry plant suffered 
from an extremeh^ moist type of vent gleet, and a mycological exam- 
ination of lesions fi-om these birds yielded fungi of the M. albicans 
type. 


Table 2. — -Results of experimental feedings of or injections with infectious material 


Infectious material 

i 

Number 
of ebicks 
infected 

Fatal 

eases 


5 

4 

Pure c^tures resembling— 

Alonilia albicans - 

16 

11 

Oidium lactis - - 

16 

15 

2 

Alonilia krusei - 

0 





As a final link in the evidence of the etiological relationship of 
yeastlike fungi to the disease outbreak, mycelial structures (figs. 
3, C, and 5, C), or clusters of spores (fig. 5, D), were often demon- 
strated in microscopic sections of the organs. 

DISCUSSION AND SUMMAKY 

Losses totaling 10,000 chicks were observed in a commercial hatch- 
ery of 50,000 chicks that were less than 60 days old. The average 
loss in the home plant was 63 per cent, and in the chicks that were 
sold as day old, 13 per cent. The morbidity was much higher, accord- 
ing to the clinical appearance of the flocks. The chicks that survived 
made good recovery, and 60 days after hatching had developed into 
normal bhds. Losses were smaller when brooding was carried out 
in small lots or batteries ; change in feed and rigid sanitary precautions 
were not very effective as control measures. 

The diseased condition was characterized by w^hitish ulcers or 
pseudomembranes in the crop, brownish or mucoid deposits in the 
proventricuJus, and ulcers in the gizzard. The lesions in small 
chicks were often so small as to be easily overlooked. 

On mycological examination yeastlike fungi were isolated from the 
crop, p>roventriculus, gizzard, gall bladder, and intestine. The 
predominating organism was a yeastlike fungus resembling Afom7ia 
albicans; the other observed types resembled Oidium lactis and M. 
krusei. 

The diseased condition was reproduced by feeding fecal material 
from diseased chicks and by injecting fungus cultiues of the Monilia 
albicans type. In two instances artificially infected chicks succumbed 
with the Oiditm lactis type. Infection experiments conducted on 
small lots of chicks were not uniformly successful, a point readily 
understood when field observations of small-lot brooding are consid- 
ered. The average period of incubation under experimental condi- 
tions was 31 days, a period that closely coincided with the second 
mortahty peak under field conditions. The second mortality peak 
may, therefore, have been due to postnatal infection. 

The disease may appear in septicaemic form, as was indicated by 
the isolation of virulent fungi from the liver and gall bladder; how- 
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ever, the extreme -xbrulence of the infection in very young chicks, 
together with the slight pathological changes that occurred and the 
occasional presence of focal necrosis in the liver, suggests a toxemic 
aotion of the fungi. 

Day*>old chicks from the hatchery developed the disease after they 
had been removed from the original premises. Chicks raised on 
wire floors in a new, isolated colony house suffered 41.9 per cent 
losses. The &st and highest mortality^ peak occurred about the 
tenth day after hatching; the average incubation period under experi- 
mental conditions was 31 day^s. The cloaca of laying hens affected 
with a moist type of vent gleet was shown to carry yeastlike fungi. 
When eggs from the plant were hatched in a sterilized incubator and 
the chicks reared in sterilized battery brooders, the disease appeared 
ill only a few instances. These data furnish circumstantial evidence 
that the disease can be transmitted through the agency of the egg, 
presumably on the egg. 

The fact that the owner found that brooding in batteries was safer 
than in colony^ houses, and the writer's observation that only rela- 
tivety small numbers of chicks succumbed to experimental infection, 
suggest that management may play^ a part in the postnatal spread of 
the disease. 

According to available information, this report of a severe outbreak 
of thrush or my’-eosis in chicks is the first in which the disease has been 
shown to be of major epidemiological importance. 



THE EFFECT OF DIFFERENT SOAPS ON LEAD ARSENATE 
IN SPRAY MIXTURES ^ 


By Joseph M. Ginsbueg 

Biochemist in Entomological Investigations, New Jersey Agricultural Experinmit 

Station 

INTRODUCTION 

Among the various chemicals employed to increase the spreading 
properties of insecticides on foliage, soaps undoubtedly rank as the 
most efficient and cheapest. Yet soaps can not be safely used with 
sprays containing arsenicals because the chemical reaction involved 
in such mixtmes tends to liberate soluble arsenic, often in quantities 
large enough to produce injury to the foliage. It has been shown by 
Tartar and Bundy ^ and Pinckney ^ that acid lead arsenate 
(PbHAs 04 ) produces much more soluble arsenic than the basic lead 
arsenate (Pb5OH(AsO.03) when mixed with soaps. Pinckney has 
also shown that a stearate soap forms considerably more soluble 
arsenic than does an oleate soap when mixed with either the basic or 
the acid lead arsenate. 

The differences observed between the twm fatty acids mentioned 
above suggested that soaps consisting of the same fatty acid but of 
different bases might exhibit similar or even greater differences in 
their action on lead arsenate. Thus, soaps having a strong base, 
such as sodium or potassium, might produce more soluble arsenic 
and consequently greater injury to foliage than soaps having a weak 
base, such as ammonium., triethanolamine, etc. If such should be 
the case it might be possible to prepare a soap from oleic acid and a 
very weak base which would be compatible with lead arsenate spray 
mixtm'es and safe to use on foliage. Accordingly, soaps of different 
bases were tested in field and laboratory experiments. 

FIELD TESTS 

During July, 1930, several apple trees were sprayed with mixtures 
consisting of acid lead arsenate, hydrated ferric oxide, and soap. 
The proportions of the ingredient per 100 gallons of spray were as 
follows; 3 pounds lead arsenate, 4 pounds ferric oxide, and 0.5 per 
cent soap. In previous tests it had been found that tliis amount of 
soap w^as sufficient to produce good spreading of the lead arsenate on 
apple foliage. The ferric oxide was added as a sticker and corrective. 
The ability of this chemical to increase the adhesion of lead arsenate 
and prevent arsenical injury to foliage has already been showm.*^ The 
tliree soaps selected for the test were commercial potash fish-oil soap, 
potassium oleate, and triethanolamine oleate. The last two soaps 


1 Received for publication Apr, 6, 1932; issued February, 1933. Paper of the Journal Series, New 
Jersey Agricultural Experiment Station, Department of Entomology. 

2 Tartar, H, V., and Bundy, L. A. soluble arsenic in mixtures of lead arsenate and so\r, 
Jour. Indus, and Engin. C hem. 5 : 561-562. 1913. 

3 Pinckney, R. M. action of soap upon lead arsenates. Jour. Agr. Research 24:87-95. 1923. 

^ Ginsburg, J. M., and Mann, R. F. studies with hydrated ferric oxide as corrective and 
sticker FOR lead arsenate and NICOTINE tannate. Jour. Ecoii. Ent. 24 : 695-701. 1931. 
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were prepared in tlie laboratory from pure chemicals. The first two 
soaps contain a strong, highly dissociating inorganic base (K), while 
the third contains the comparatiyely weak organic base (CH2CH2- 
OHj'sN* The ingredients were mixed in the follomng manner: The 
lead arsenate and ferric oxide were first made into a thin paste by the 
addition of a small amount of water. The rest of the water contain- 
ing the reqiiii’ed amount of soap was then added. The spray w^as 
applied from a 3-gallon bucket pump. The trees received three 
sprays at 2-week intervals. 


Table 1 . — 'Eesults of spraying apple trees with lead arsenate mid ferric oxide, loith 
different soaps as spreaders, 1930 


Soap used 

Injury observed on trees sprayed— 

Nature of injury 

July 3 

July 17 

July 30 

Potassium oleate 

Triethanolamine oleate 

Potash fish-oil soap (comm er- 
cial). 

Check (no soap) . - 

Very slight-— 

None 

Appreciable— 

1 None ' 

Slight 

None 

Severe 

I None 

Appreciable «- 

Slight « 

Severe “ 

None * 

Brown leaf areas. 

A few brown leaf tips. 

About 30 per cent defoliation 


« Observations made on Aug. 10. 


The results, which are presented in Table 1, show that arsenical 
injury from the sprays containing either fish-oil soap or potassium 
oleate was apparent after the first application. The injury from 
fish-oil soap was more pronounced and increased severely with each 
subsequent spraying, until by August 10 there was about 30 per cent 
leaf drop. The potassium oleate pi'oduced brown spots on the leaves 
but did not cause defoliation. The trees sprayed with triethanolam- 
ine oleate showed no injury until after the third application and 
even then injury was slight as compared with that produced by the 
potassium soaps. There was no visible arsenical injury on the check 
trees sprayed with lead arsenate and ferric oxide only. 

LABORATORY TESTS 

Soaps were prepared from pure oleic acid with the following bases : 
Sodiiini, potassium, ammonium, and triethanolamine (CH20H20H)3N . 
In addition to these pure soaps, a commercial fisli-oil soap was used. 
Samples of acid lead arsenate in concentrations equivalent to 3 pounds 
in 100 gallons of spray were mixed in flasks containing 500 c c of 
distilled water mth various dilutions of soaps (0.25, 0.5, 1 per cent) 
and allowed to stand for 24 hours, with frequent shaking. At the 
end of this period the soluble arsenic was determined by the procedure 
outlined in the official methods of the Association of Official Agri- 
cultural Chemists.^ The only deviation from this method was that 
the mix toes were kept at room temperature instead of at 32° C. 
The lead arsenate was a commercial brand, which contained 32.4 
per cent AS2O5. 


a Association of Official Agbicultueal Chemists, official and tentative methods of analysis. 

COMPILED BY THE GOIOHTTEE ON EDITING METHODS OF ANALYSIS. REVISED TO JULY 1, 1924. Ec! 2 535 D. 
iilos. Washington, D. C. 1925. - ' 
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Table 2. — Soluble arsenic liberated from 1,8 g lead arsenate mixed in 500 c c of 
ivater with various concentrations of soaps 


Soap used 


Potash fish-oil soap (commercial) 

Sodium oleate 

Potassium oleate 

Ammonium oleate 

Triethanolamine oleate 

Cheek (lead arsenate only) 


Concen- 
tration 
of soap 

Soluble 

AS20s 

formed 

Lead 
arsenate 
in solu- 
tion 

Per cent 

Per cent 

Per cent 

{ 0.25 

13. 32 

1 47. 2S 

. 50 

20. 87 

74.10 

I 1.00 

21. 56 

76. 50 

1 .25 

9. 25 

32. 83 

. 50 

10. 80 

38. 34 

1 1.00 

16. 79 

59. 60 

I .25 

8. 15 

28. 93 

. 50 

9.78 

34. 71 

1 1.00 

10. 94 

38.83 

1 .25 

5.39 

19. 13 

.50 

6. 67 

22.78 

1 1. 00 

6. 14 

21. 80 

1 .25 

3. 83 

13. 59 

. 50 

4. 63 

16. 44 

[ 1.00 

5. 69 

19. 84 


.43 

1.53 


The results, presented in Table 2, clearly show that soaps of strong 
bases liberate more soluble arsenic than soaps of weak bases. Thus, 
ammonium oleate gave considerably less soluble arsenic than the 
oleate of either potassium or sodium, while the triethanolamine oleate, 
the weakest base tested in this experiment, gave the lowest amount of 
soluble arsenic. 

A comparison of the results in Table 2 brings out the fact that the 
amount of lead arsenate decomposed is not in direct proportion to the 
amount of soap present in solution. Thus, 0.25 per cent potassium 
oleate decomposed 28.93 per cent lead arsenate, while 1 per cent of 
the same soap decomposed only 38.83 per cent. Again, 0.25 per cent 
ammonium oleate dissolved 19.13 per cent, of the lead arsenate, while 
1 per cent ammonium oleate dissolved only 21.80 per cent. Evidently 
the reaction does not go to completion and can not be represented by 
the simple formula 

PbHAs 04 + -’CxtHssCOOK = K2HAs04+ (Ci7H33COO)3Pb 

The reaction is more probablv of double decomposition, as suggested 
by Smith.^ 

5PbHAs04 + 4C17H33COOK + H2O = PbsOH (As04)3 + 4C17H33COOH + 

2K2HASO4 

The results from the laboratory tests fully explain why considerably 
more injury to apple foliage resulted from arsenical mixtures con- 
taining potassium oleate than from those containing triethanolaniine 
soap. The former produced more than twice as much soluble arsenic 
as did the latter. These results further explain why most of the foliage 
injury was produced by the spray containing fish-oil soap. This soap 
decomposed more lead arsenate than any one of the other soaps. 
Evidently the amount of hydrated ferric oxide used in the field tests 
was not sufficient to take care of the large quantities of soluble arsenic 
liberated from the lead arsenate by the fish-oil soap. It is clear from 


6 Smith, G. E, lead arsenates, a study of the factors controlling the reactions of lead 

NITRATE AND LEAD ACETATE WITH DISODIUM ARSENATE. JoUI. Amer. Cfiem. SOC- 38: 2014-2027. 1916. 
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the results here shown that soaps, if used at all with lead arsenate, 
should not consist of a mixture of fatty acids, such as those present 
ill fish oil, but should be prepared from pure oleic acid and a weak 
base. 

SUMMARY OF RESULTS 

Apple trees were sprayed three times at 2-week intervals with 
mixtures consisting of lead arsenate, hydrated ferric oxide, and each 
of the following soaps: Commercial potash fish-oil soap, potassium 
oleate, and triethanolamine oleate. 

The spray containing fish-oil soap produced severe injury and caused 
about 30 per cent leaf drop. The injury from the potassium oleate 
spray was limited to spots on the leaves and browning of the leaf edges. 
The injury from the triethanolamine oleate spray was very slight and 
did not appear until after the tliird application. 

Simultaneously with the field tests the action of the following soaps 
on lead arsenate was tested in the laboratory : Potash fish-oil soap, 
sodium oleate, potassium oleate, ammonium oleate, and triethanolam- 
ine oleate. The results indicate that soaps of strong bases form more 
soluble psenic than soaps of weak bases. Of all the soaps tested, 
potash fish-oil soap produced the greatest quantity of soluble arsenic 
and triethanolamine oleate the least. 



A METHOD FOR DETERMINING THE SPECIFICITY OF 
THE INTRACELLULAR GLOBULIN OF FUSARIUM LINP 


By Casper I. Nelson- 

Bacteriologist and Soil Biologist, North Dakota Agricultural Experiment Station 

INTRODUCTION 

Groups and species of plants and animals have been successfully 
differentiated by serological means through the use of protein fractions 
from these organisms. The success of such methods of differentiation 
depends in part upon the natural specificity of the protein obtained 
and the sensitiveness of the technic used in demonstrating this spec- 
ificity. Such technic, while it has not received universal sanction, 
has proved successful in some practical ways. Success with this type 
of work will be more common when the methods de\ised are less 
destructive of specific factors which are characteristic of the protein 
fractions. Globulins and other specific protein fractions are extremely 
sensitive to alteration, whether it be imposed by laboratory practice 
or by physiological factors, such as disease and disturbed metabolism. 
Indications of these alterations are numerous in syphilology and 
animal pathology. There are indications that variations in globulin 
may accompany disease even in plants (5).^ 

By means of direct and cross titrations of antisera produced with 
globulin antigens from various varieties of flaxseed it has been possible 
to differentiate the flax strains on the basis of wilt resistance (8). By 
analogous means it has been possible to classify various wheat hybrids 
relative to their interrelationships (7). In both cases protein fractions 
corresponding to the so-called globulins obtainable from antigenic 
materials were used to produce the antisera for the titrations. 

THE PROBLEM 

Varieties of flax resistant to the wilt organism (Fusdrium Uni 
Bolley) in one locality have not proved equally resistant in other 
localities. Frequently these localities are not sufficiently dissimilar 
for the difterences in resistance to be explained on the basis of climate 
alone. Broadfoot (f ) has suggested that they may be due to physio- 
logical variations in the parasitic fungus. If this is the case, 
physiologic strains must be characterized by more than morphologic 
factors — presumably by biochemical ones. 

The author has never found described in the literature a satisfactory 
method for studying the protein content of fungus material. It us 
generally stated that mycelium is meagerly supplied with protein. 
Heck [6) suggests a ratio of carbon to nitrogen of about 7 or 10 to 1. 
This ratio is largely determined by the composition of the cultum. 
medium. The usual methods fail to demonstrate the full protein 
content of the mycelium. Before physiologic strains of fungi can be 
differentiated through the use of intracellular proteins, a method for 


1 Received for publication Apr. 11, 1932: issued February, 1933. 

^ Reference is made by number (italic) to Literature Cited, p. 187. 
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obtaining these proteins must be developed, and their specific antigenic 
nature demonstrated. A method suitable for such a purpose is 
presented in tliis report. 

CULTURES 

The cultures used were strains of Fusarium Uni which had been 
isolated at the Universitj of Minnesota. These were grown on^hard 
potato agar and on corn-meal agar. All transfers were made in an 
inoculation room; stock transfers were made mth a bit of mycelium, 
but for general purposes a cubic centimeter of young culture was 
drawn from a flask with a sterile pipette and used to inoculate liquid 
media. Eiiemney^er flasks of 250 c c capacity were used for culturing 
the fungus. The incubation temperature was about 28° C. 

It was difliciilt to obtain a satisfactory type of growth in a reason- 
able length of time, that is, in three to four weeks. In trying to do 
this, various synthetic media were used, such as Czapek^s sucrose 
nitrate solution, Richards’ solution, peptone broth, and Raulin’s 
solution. Of these, Eaiilin’s solution gave the most satisfactory 
growth. 

The most important consideration in this work was the amount 
of carbohydrate available in the medium. If too little was present 
the growth was feeble and yielded little protein, if too much the fungus 
rapidly reached maturity and converted the excess carbohydrate into 
reserve stores of fat. Such synthesis of fats was followed by a con- 
siderable lag in the growth. 

Growth on Raulin’s solution consisted of mats of mycelium and 
spores. Three types of spores were observed, microspores, macro- 
spores, and cblamydospores. Of these the most numerous were the 
microspores. Young growth 2 to 3 weeks old was used, since it was 
found that such material was more easily extracted and gave a better 
yield of protein than similar amounts of older material. Young ma- 
terial was relatively free from storage fat, which could always be 
detected in older cultures, even without an excess of carbohydrate. 

EXTRACTION OF PROTEIN 

Two methods of extraction were developed. (1) The mycelial 
mats were chained and then ground in a ball mill for from 36 to 48 
hours in a 5 per cent solution of sodium chloride. The macerated 
mass was centrifuged at 3,000 revolutions per minute for 10 to 20 
minutes, and the opaque liquid was then electrodialyzed in a Bronfen- 
brenner apparatus. The resulting precipitate gave a very weak 
biuret reaction. The mycelial residue, alkalinized with N/lOO NaOH 
gave a strong biui^et reaction, indicating that the method had not 
satisfactorily extracted the protein fraction from the mycelial mass. 

(2) A method suggested by the work of Chibnall (2, S, 4) was next 
used. Mats of mycelium 3 to 4 weeks old were drained and dried for 
3 to 4 hours at 35° C. in an incubator room. They were then im- 
mersed in ether for to 2 minutes. Ether was removed by evapora- 
tion in the incubator^rooni for 5 to 6 hours. The iiiycelial mass was 
then placed in muslin sacks and subjected to heavy pressure in a 
screw press A clear brownish liquid was expressed which gave a 
strong positive biuret reaction. According to Chibnall, this liquid is 
called ^^cell sap.” It was electrodialyzed at between 20° and 30°, the 
process taking from IK to 4 hours. Before electrodialysis, the pH 
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value of this cell sap was 5.6; after dialysis it was 7.4 to 8. The 
precipitated material in the electrodialyzer, presumably now an iso- 
electric giobiilin, was held in very fine suspension^ necessitating con- 
centration in a centrifuge. The solid materials thus obtained were 
dissolved in 1 per cent sodium chloride. This solution was used for 
sensitization of rabbits and also as an antigen for precipitin titrations. 
The mycelial residue left after pressing was ground in the ball mill 
for 36 hours with 1 per cent sodium chloride. This material without 
further purification or electrodialysis was also used for sensitizing 
rabbits. All materials were stored in a refrigerator during the prog- 
ress of the experiment. 

SENSITIZATION OF ANIMALS 

The half-gro^vn rabbits used had never been fed flax. They showed 
veiy little variation in weight during the period of sensitization. As 
stated above, two types of antigen solution were used, namely, puri- 
fied globulin, in 1 per cent saline, and mycelial residue, in 1 per cent 
saline. The purified globidin in 0.5 c c to 1.0 c c amounts was injected 
at 1 to 5 day intervals, the smaller amount being given at shorter 
intervals than the larger amounts. The mycelial residue was injected 
in 0.25 c c to 1 c c amounts. All injections were intxaperitoneal. The 
total period of injections was about 20 days. No local infection 
resulted from either type of injection. A strong Arthus^s phenomenon 
was observed in connection with mycelium when this matter escaped 
subcutaneously. Absorption of such material was evidently very 
slow. 

SERUM TITRATIONS 

Five days after the last injection 15 c c of blood was obtained from 
the sensitized rabbits and checks by slitting a vein in the ear with a 
small sterile blade. The blood was kept in the refrigerator overnight 
and the serum was then separated from the clot and dilutions made in 
a 0.9 per cent sodium chloride solution as indicated in titrations. The 
concentration of antigen was held uniform. 

In the first experiment the quantity of available antigenic material 
(purified globulin) was so small that all titrations were made in test 
tubes of 0.25 c c capacity. The total volume used in each tube was 
0.04 c c made up of 0.02 c c of antigen and 0.02 c c of serum in different 
dilutions. Precipitates were observed by using a lens of 10 X magni- 
fication. Characteristic mealy gray precipitates were obtained. 

As shown in Tables 1 and 2, spores of Fmarium Uni did not aggluti- 
nate when either sera in several dilutions was added to a suspension 
of the spores and observed microscopically. The quantitative esti- 
mation of agglutination was not possible since the spores precipitated 
by gravity." 

Table 1 . — Antigens versus homologous antiserums, using microtechnic ^ 


Antigen 

Precipitate at serum dilutions of— 

1:20 

1:40 

1:80 

1:160 

Mycelium — 

Globulin 

+ 

++ 

-j— p_|_ 

+ 

++++ 



1 Plus signs have been used to indicate the quantity of precipitate as a measure of degree of specificity. 
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Table 2. — Mycelimn antiserum and globulin antiserum versus mycelium antigen^ 

using microtechnic ^ 


Antiserum 

Precipitate at serum dilution of— 

1:20 

1:40 

1;S0 

1:160 

1:320 

1:400 

1:640 

j Mvceliiiin 

+ 

+ + 

4-4- 

++ 

++ 

+ 

0 

0 

Globulin _ 

+++ 

i— h 

1 

0 

0 

0 

1 1 





^ Plus signs have been used to indicate the quantity of precipitate as a measure of degree of specificity. 

When a larger supply of antigen became available titrations were 
repeated. In these titrations the total volume of liquid in each test 
tube was 1 c c, made up of 0.5 c c of antigen and 0.5 c c of serum 
dilution. The results (Table 3) agree with those obtained in the first 
experiment in which minute amounts of reagent materials were used. 


Table 3. — Mycelimn cmtiserum and glohidin antiserum versus mycelium antigen^ 

using larger volumes t 


i Precipitate at serum dilution of— 

Antiserum j 1 ^ ^ i ^ ^ — 



1:20 

. 

1:40 

1:80 

1:160 

1:320 

1:400 

1:640 

Mvceliuin- 


4 

0 

0 i 

! 

■p 

+++ 1 
0 1 

1 

0 

++ 

'' ! 



! Globulin 

Normal serum j 

0 ! 

1 

0 

1 

+ 

0 


^ Plus signs have been used to indicate the quantity of precipitate as a measure of degree, of specificity. 


A comparison of Table 3 with Tables 1 and 2 shows no superiority 
in titration results where larger amounts of material were used. 

The tables indicate that: (1) Both globulin and the mycelial 
residue from which the globulin was obtained possess specific anti- 
genic properties. (2) Globulin is a more reactive antigen than the 
mycelial residue in homologous titrations. (Table 1.) (3) Globulin 

is a more reactive antigen than mycelial residue even when its anti- 
serum is titrated against the heterologous antigen mycelial residue. 
(Table 2.) (4) When titrations were repeated with larger quantities of 

material the globulin antigen still possessed greater specificity. (Table 

3 .) ■, 

CONCLUSIONS 

A method is described by which specific antigenic protein material 
may be obtained from mycelial masses of Fumrium Uni. A fraction 
corresponding to globulin possesses antigenic specificity in a higher 
degree than prepared mycelial masses. It is suggested that in pro- 
portion as the method fails to extract globulin from the mycelial mass 
the mycelial mass retains antigenic specificity. Further refinement 
of the technic of obtaining globulin from a mycelial mass of F. Uni 
is necessary before it will be possible to check the interrelationships 
of the physiologic strains by serological methods. 
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PSYLLID YELLOWS OF THE POTATO ‘ 


By B. L. Richards, Botanist and Plant Pathologist, Utah Agricultural ExpeHmenl 
'StaMon; and H. L. Blood, Plant Pathologist, Utah Agricultural Experiment 
Station, and Agent, ^ Division of Horticultural Crops and Diseases, Bureau of 
Plant hidustry, United States Department of Agriculture ^ 

INTRODUCTION 

111 August, 1927, Richards, Blood, and Linford ^ reported for the 
first time what appeared to be a new disease of the potato. Although 
it resembled current-year symptoms of witches' broom, as described 
by Himgerford and Dana (8),^ subsequent studies clearly differen- 
tiated between the twm disorders. In December, 1927, Richards (1^) 
ascribed this new disease to the feeding process of the tomato psyllid 
{Paratrioza cockerelli Sulc). He further reported the disease, as it 
appeared in Utah, as new to science and proposed the name “i^ellows." ^ 
Subsequent statements have been made concerning the occurrence 
and the destructive nature of the disease by Linford,^* Richards (75),^ 
Metzger and Binkley,® and Binldey (1). Binkley (1) reported the 
disease, as it appears in the tomato, to be due to a definite virus trans- 
mitted by the psyllid nymphs. To the waiters' knowdedge no further 
report as to the nature of the disease and its relation to the tomato 
psyllid has appeared. It is the purpose of this paper to bring together 
the facts known to date regarding psyllid yellows and to report some 
additional experimental findings regarding the nature and cause of the 
trouble. The information regarding the disease is recognized 
definitely as being incomplete. 

OCCURRENCE OF PSYLLID YELLOWS 

Psyllid yellow’'s has scarcely a parallel in the history of phytopa- 
thology in the uniformity and rate with which it spread. The disease 
was first noticed by the junior author on June 12, 1927, in experimen- 
tal plots at Farmington, Utah. In a preliminary survey on June 15 


1 Received for publication Apr. 12, 1932; issued March, 1933. Contribution from Department of Botany 
and Plant Pathology, Utah Agricultural Experiment Station, 

2 The writers wish to express appreciation for the helpful cooperation of Kathleen Ij. Hull, formerly of 
the station staff, and of William Stuart and Melvin Anderson, research students in the Department of 
Botany and Plant Pathology. 

3 Richards, B. L., Blood, H. L., and Linford, M. B. destritctive outbreak of unknown potato 
DISEASES IN UTAH. U. S. Dept. Agr., Bur. Plant Indus. Plant Disease Rptr, 11: 93-94. 1927, [Mimeo- 
graphed.] 

i Reference is made by number (italic) to Literature Cited, p. 216. 

5 Since the early proposal of “ yellows, ” the name ‘‘ psyllid yellows ” has been employed generally by the 
authors and their coworkers in both correspondence and in general discussions and by the senior author in 
recent publications (U, 15). Binkley in 1930 also used the term ‘‘psyllid yellows” to designate the disease on 
tomatoes (1, Proc. SS, pp. £49-254). The name psyllid yellows” seems justifiable as it is both specific and 
descriptive. 

» Linford, M, B. further observations on unknown potato disease in utah. U. S, Dept. Agr., 
Bur. Plant Indus. Plant Disease Rptr. 11 : 110-111. 1927. [Mimeographed.] 

PLANT DISEASES IN UTAH IN 1927 . TJ. S, Dept. Agr. Bur. Plant Indus. Plant Disease Rptr. Sup. 

59:95-99. 1928. [Mimeographed.] 

^ Richards, B. L. psyllid yelloavs (cause undetermined). U. S. Dept. Agr., Bur, Plant Indus. 
Plant Disease Rptr. Sup. 68 : 28-29. 1929. [Mimeographed.] 

s Metzger, C. H., and Binkley, A. M. psyllid yellows (cause undetermined). IT. S. Dept. Agr., 
Bur. Plant Indus. Plant Disease Rptr. 68:29. 1929. [Mimeographed.] 
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and 16, the disease was found' generall 3 ^ distributed in early potato 
fields of the Boiintifiil district of Davis Count}". Most of ^tlie fields- 
at this earl}" date showed 100 per cent infection, and not a single field 
was found which did not show the trouble to some degree. By Jiiiie 
29, at which time Linford commenced a more detailed survey of the 
disease, the early potatoes in Da^ds and Weber Counties were gener- 
ally infested. Before the survey was concluded on Septeinber 15, 
Linford reported that the ^hlisease had been found in every county of 
Utah wliere potatoes had been examined, ranging from Washington 
County on the south to Cache Countv on the north ” 

Table 1, copied from Linford’s report,® shows the occ^urrence of the 
disease in 23 counties visited. No reports were obtained from the 
other six counties. 


Table 1. — Occurrence of psyllid yellows in Utah, by counties, 1927 “ 


County 

Fields 

oxainined 

Fields infested 

Heaviest 

infesta- 

tion 

Average 

infesta- 

tion 


Number 

Number 

Per cent 

Per cent 

Per cent 

Cache ■ 

16 

9 

56. 2 

100 

5.1 1 

Carbon. 

16 

15 

too 

100 

61. 1 

Beaver 



100 


84 

Boxelder . 

6 

5 

,100 

100 

53. 2 

Davis ' 

32 

32 

100 

100 

56. 0 

Duchesne--. — 

5 

5 

100 

100 

91 

Emery 3) _ 






Garfield -.1 

4 

4 

100 

ioo 

61. 2 

Grand ! 

I 

1 

100 

100 

100 

Iron ! 

1 21 

21 

100 

100 

S3. 8 

Juab - 

1 

1 

100 

10 

10 

Kane - - ' -..-i 

1 

4 

100 

100 

70 

Xliilard,. - i 

17 

9 

52. 9 

97 

24. 2 

XIorgan 






Piute - i 

11 

11 

.100 

100 

38.2 

Salt Lake j 

24 

13 

54.2 

100 

21. 7 

Sanpete 

12 

12 

100 

100 

95. 8 

Sevier 

10 

10 

100 

100 

80. 8 

Cinta— 

6 ! 

6 

100 

100 

68 

Utah ' 

9 

9 

100 

100 

'44 

Weber. 

11 

11 

100 

100 

74. 9 

Wasatch L, ■ 






Washinaton 













« Tho figure:? in this table include data from many fields examined before the disease liad reached its 
maximum .spread. From the following piibiieation: Liaford, IM. B. Op. eit., p. 98. 

Disease said to be pireseiit throughout. 

Disease reporied prevalent late in season. 

4 Disease present. 

« Crop a total failure from this disease. 


Early in 1927 tlie malady was reported from the western slope of 
Colorado and was sex^ere Specially in the Fruita district of Mesa 
County, where 100 per cent infection occuiTed. According to Metzger 
and Binkley,'” fire ailment was found also in the Gunnison Valley in 
Delta County, in the Uncoinpahgre district in Montrose County, and 
in the Rifle district of Garfield County. 

On August 1, the senior author located psyllid yellows in southern 
Idaho, 3.5 miles north of Pocatello. Two weeks later M. B. McKay 
reported the disease by letter from Idaho Falls and Twin Falls, 
Idaho, and from Bozeman, Mont., and H. G. McMillan in personal 
conference reported it from Wyoming. L. F. Nuffer bv correspondence 
later in the summer reported a general spread of tlie disease in the 


- Linford, XL B. Op. eit. .See footnote 6, second reference. 
XlETZGER, C. H., and Binkley, A. XL Op, cit. 
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Idalio Falls district. Shapovalov has also called attention to its 
presence in California. 

Although the tomato ps^dlid (Paminoza cocke;relli) has been Iviiowii 
since 1914 to be generally distributed in the Southwestern States, 
tlie writers have been unable to find any mention in literature, prior to 
1927 , of a disease of the potato caused hj the insect; neither has 
reference been found to a disease of the potato similar to psyllid 
yellows. Compere (2, p. 189), in 1915, states: “In Golden Gate Park, 
San Francisco, the solaniims that were infested with psyllid were 
rendered worthless.'’ He makes no further reference to the disease 
phase. 

It appears e^ndent from a number of authentic reports that tlie 
disease occurred previous to 1927. In 1929 Metzger and Binkley 
stated : 

The disease was destructive in the Fruita district of Mesa Comity, Colo., in 
1926, and by June 18, 33 per cent of the plants were showing symptoms of a 
disease, evidently psyllid yellows as described by Richards in 1927.' 

It is quite possible also that the disease was present in the Fruita 
district prior to 1926. Linford submits data which show rather 
conclusively that psyllid j^ellows was a factor in potato production 
in the Green Eiver district of Utah, at least as far back as 1925. The 
senior author has obtained information which indicates that psyllids 
have figured in potato culture in Washington County, Utah, at least 
since 1921. 

ECONOMIC IMPORTANCE OF PSYLLID YELLOWS 

Psyllid yellows in its effect upon the plant must be ranked among the 
most destructive of known potato diseases. If the plant is attacked 
when young, prior to tuber formation, no crop results, and early 
death of the plant frequently ensues. When the plant is attacked 
during early stages of tuber formation and prior to maturation, serious 
injury follows, and the resulting crop is of little value. If the plant is 
attacked after the tubers are well formed, the tubers may sprout, 
giving rise to new vines (fig. 1, A, B, C), or to sprouted, knobbed, or 
otherwise malformed tubers, of greatly reduced market value. 
(Fig, 1, B, C.) 

Total crop failures from this disease in individual plantings are not 
uncommon. In 1927 experimental plots at the Da\ds Coimt}^ Experi- 
mental Farm yielded 40 pounds of marketable tubers from an area 
estimated to produce from 40 to 50 bushels under normal conditions. 
In Bountiful, Utah, 250 pounds of marketable tubers were obtained 
from a l-acre field, and many of the most successful growers in this 
same district lost their entire crop, learing their fields unharvested. 

During tliis same year the disease was so severe that total crop 
failures resulted in entire valleys. Linford states that in Waslnng- 
ton County the entire crop was destrojmd. Tlris county was sur- 
veyed late in August, long after potatoes are normally harvested, 
but there was no harvest in 1927, so complete was the destruction. 

11 Shapovalov. :\I. psyLUD yellowls (cavse cndeteemined). U. S. Dept. Agr., Bur. Plant Indus. 
Plant Disease Rptr. Sup, (58: 29-30. 1929. [Mimeographed.]. 

12 Metzger, C. H., and Binkley, A. M, Op. cit. 

12 Linforp, 3>l. B. Op. cit. See footnote f>, second reference.. 
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Duchesne and Uintah Counties had approximately 50 per cent of 
a crop at the time the survej" was made. 

Daxds and Weber County growers, who produce early potatoes 
chiefly, suffered the- hea’idest financial losses. Based on the acreage 
planted, it was estimated that 740 cars would have been shipped 
from Weber Countv; 110 cars were actually shipped, thus involving 
a loss of approximately 630 cars. Valued at $420 a car, this amounts 
to $264,600. Sixty-four cars of seed were shipped into the county 
at an average of 4.5 cents a pound, making a total outlay of $92,000, 



Figure L— A, Bliss Triumph affected with psyllids showing excess tuberizatlon. One stolon 
has failed to terminate in tubers and has given rise to new shoots. Several shoots of this type 
may arise around a single infected mother plant. Note large number of secondary stolons ter- 
minating in tubers of various sizes. B, Sprouting of immature Busset Burbank tuber induced by 
psyllid feeding on parent plant. Practically all buds, both on the mother and the secondary 
tubers, have become active and have given rise either to new shoots or to a third crop of tubers. 

C, Sprouting of Russet Burbank tuber characteristic of this variety when parent plant is 
affected by psyllid nymph late in the season. Such sprouts may develop directly into tubers or 
may grow through the soil and give rise to second growth in the late-potato districts as in 1927. 

D, Five-acre field of large, vigorous, and apparently healthy Bliss Triumphs photographed 
October 4, 1927. These plants grew from small tubers left in the soil during the harvest of the 
early crop. The first crop was planted April 15 and yielded but 20 sacks per acre; on August 10 
it showed 100 per cent psyllid yellows. With the exception of about 15, all plants of this 5-acre 
field were healthy and apparently free from psyllid yellows at the date the photograph was taken. 
Psyllid njunphs were present on the 15 plants showing symptons. Seed selected from this late 
crop gave progeny which were entirely free from any psyIlid-yelIo%vs symptoms 

or $46,000 more than the total value of potatoes actually shipped out. 
While exact figures are not available, observational data indicate that 
Davis County siifFered even more acutely than Weber County owing 
to more complete destruction of the crop and to the higher early 
market prices of potatoes. These two counties lost fully 75 per cent 
of their crop. 

The season of 1927 was especially favorable for potato production 
in Utah. An average annual acre yield of 185 bushels or more might 
have been expected, whereas only 135 bushels were realized, entail- 
ing a loss of from 25 to 30 per cent of the crop, or approximately 
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$750,000. Tlie earl}^ crop in the State was practically a total failure. 
The late crop was less severely damaged altlioiigli greatly reduced in 
market value. In certain areas little, if any, decrease in yield 
resulted, while in others isolated fields were seriously damaged. The 
malformation of the tubers of the late-maturing varieties, the Eus- 
set Burbank and the Eural, was of serious consequence. Linford 
estimated that from certain Russet Burbank fields in Cache Valley 
not more than 25 per cent of the tubers would pass as United States 
No. 1, and a local buyer reported that he was unable to find a single 
car of suitable Russet Burbank potatoes in the entire county. 

Metzger and Binkley state that in the Fruita district of Mesa 
County, Colo., which ships annually about 600 carloads, but 2 car- 
loads were shipped as a result of the heavy infestation in 1927. 

Losses from psyllid yellows in Utah during 1928 were greatly 
reduced as compared with those in 1927. Richards and his coworkers 
reported for 1928 that while the potato psyllid was almost coexten- 
sive vuth potato culture in the State, the damage was light as com- 
pared vdth the losses in the same areas in 1927, and that the total 
loss for 1928 would probably not exceed 7 per cent. 

Damage to the potato crop during the year varied greatly in the 
difterent districts within the State. In Washington County, as in 
1927, the destruction was again complete, and the entire crop planted 
between Februaiy 15 and March 10 wnas plowed under by June 10, 
except for two experimental plots. Da\ds and Weber Counties suf- 
fered losses between 10 and 12 per cent during the season. In a sur- 
vey of the Hunter and Pleasant Green districts of Salt Lake County 
made during August, 1928, 72 per cent of the fields showed psyllid 
yellows. An average of 9.5 per cent of plants in all the fields visited 
showed the malady. 

The disease occurred in other potato-growing areas, although there 
exists but little data to indicate the degree of loss. In Cache County 
the early garden crop was largely destroyed, and material damage 
was done in many of the late plantings. Sanpete and Sevier Counties 
were reported to have suffered severely. 

Metzger and Binkley report that psyllid yellows not so serious 
in 1928 as in either of the previous seasons and that possibly 10 per 
cent of the acreage was infested so severely that it was plowed under 
and planted to other crops. The remaining acreage showed a degree 
of infestation varying from 0 to approximately 10 per cent. 

Psyllid yellows was found in a number of areas in Utah in 1929; 
however, serious loss, so far as is known, was confined almost entirely 
to Washington County where upwards of 75 per cent of the crop was 
destroyed. 

Psyllid yellows appeared generally throughout Utah in 1930. 
Reports of damage were obtained from every potato district in the 
State, although the damage in most areas was relatively light as 
compared with that of 1927. Washington County, as wnis the case 
for the last six years, again lost the major portion of its potato crop, 
and Utah, Davis, We&r, and Boxelder Counties sustained heavy 
losses to the early crop. It is significant that the early crop in these 
four counties, which comprises 85 per cent of the plantings, has been 


» Metzger, C. H., and Binkley, A. M. Op. eit. 
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seriously rediiced in ^uekl for three of the seasons since 1927. Psyllid 
yellows AYas reported from, the Twin Falls and the Idaho Falls 
districts in Idalio. 



FrouaE 2.~-Irish Cobbler potato leaf showing cliaraeteristie leaf symptoms of psyllid yellows. 
Notice the basal rolling and cupping of leaflets. These are accompanied by a characteristic 
yellowing and purpling, which is a typical expression of the disease on all varieties of potatoes. 
(Results of insect feeding under natural conditions in field) 

During May and early June, 1931, psyllids appeared in great num- 
bers in all early potato-growing areas in L^tah, producing psyllid 
yellows in such quantities as to indicate possibilities of a general 
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epidemic. Witii the extreme heat and drought of middle and late 
jlme. however, the insects disappeared, and recoveiw" from the disease 
was general. But little damage to either the early orlate crop resulted. 
Psvllid A^eliows was reported severe, however, throughout the western 
slope of Colorado. 

SYMPTOMS OF PSYLLID YELLOWS 

SYMPTOMS UNDER CONDITIONS ACCOMPANIED BY SUMMER-LIGHT RELATIONS 

Psyllid yellows is systemic and affects the form and physiology of 
the entire plant. A marginal yellowing and an upward rolling or 
cupping of the basal portion of the smaller leaflets on the younger 
leaves comprise the first symptoms of diagnostic value in the field. 



Figure 3.— A, Psyllid yellows on Irish Cobbler potato showing eharacteristiesyiiiptoms of the disease 
induced by the feeding of 200 nymphs from eggs hatched in Petri dishes* nymphs had not fed on 
diseased plants before transfer to the plant. Note the typical leaf ciipiiing and particularly the 
])eculiar upright and rigid position of young leaflets, also apical hypertrophy and axillary growth. 

B, Apical hypertrophy of Irish Cobbler shoot induced by confining nymphs to older leaves by 
means of cloth bags. Note extreme cupping of leaflets and yellowing of cupped portions 

(Figs. 2 and 3, A, B.) When diseased plants are exposed to intense 
sunlight, this basal cupping becomes pronounced. Leaflets affected 
in this manner tend to curve upward over the petiole and to assume 
an erect position quite distinct from the normal. (Fig. 3, A.) In 
the Bliss Triumph and the Irish Cobbler, and to a certain extent in all 
varieties, the rolled portions, and frequently other aerial portions of 
the plant, assume a distinct reddish or purplish color which may 
become so pronounced in cases of severe infection as to give a purplish 
tint to the entire field. In the more advanced stages of the disease 
the older primary leaves roll upward over the midrib, become yellow, 
develop necrotic areas, and degenerate rapidly (fig. 4, B), and as a 
result a plant is produced which consists principally of secondary 
leaves and branches supported by the primary stems. 

Promptly on the inception of the disease, the aerial shoots usually 
suffer a sharp delimitation in stem elongation. The nodes enlarge, 
and the lateral buds are stimulated into activity and may develop 
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into axillary tubers (fig. 3, A, B, 5) or into stocky shoots capped with 
a rosette of small malformed leaves, which when fully developed give 
the plant a compact pyramidal shape, scarcely to be recognized as 
that of a potato plant, (Fig. 5, A, B.) With the enlargement of 
the nodes and subsequent growth of the axillary buds, the subtending 
leaves assume a position approximately at right angles to the stem 
instead of the acute angle characteristic of a normal plant. (Fig. 
4, D.) The apical portion of the stems, including the terminal bud 



Figuke 4,-"A, Rolling and cupping of young leaflets of Russet Burbank potato very charaeteristie 
of the advanced stage of the psyllid yellows on this variety (left and center); normal leaf to the 
right. B, Elfect of psyllid yellows on leaves which were mature at the time of the psyllid infesta- 
tion. The leaves are somewhat papery and brittle in texture. Under field conditions necrosis 
sets in rapidly, and death soon results. This is characteristic of all varieties when affected by 
psyllids. C, Leaf chlorosis characteristic of psydlid yellows when affected plants are grown in 
the shade or during the short days of late autumn and winter. Affected leaves at left and right 
show distinct interveinal yellowing, also a distinct change in shape owing to an inhibition of the 
growth of the basal portion of leaflets, due apparently to the early destruction of chlorophyll in 
this region. Normal leaf in center. D, Irish Cobbler shoots showing modification of angle of leaf 
axis, also nodal enlargement characteristic of psyllid yellows. Left, diseased shoot (natural infec- 
tion); right, healthy shoot 


and frequently the first nodes and adjacent internodes, often become 
involved in a pronounced hypertrophy. (Fig. 3, A, B.) 

^ If plants are attacked when young, stolon formation and tuberiza- 
tion are definitely suppressed, with the result that few, if any, tubers 
are set. When older plants are aflfected, the result is quite the re- 
verse, and stolon development and tiiberization are stimulated. The 
terminal buds of the stimufated stolons may Ml to produce tubers 
and instead may grow directly through the soil, giving rise to a second 
crop of shoots adjacent to the mother plant. (Fig* 1, A.) The 
lateral buds along the primary stolon may develop dhectly into tubers 
(fig, 1, A), or they may give rise to secondary stolon branches which 
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in turn ma}” provide opportunity for tuber formation, thereby re- 
sulting in development of numerous smal] potatoes. (Fig. 1, A, B, 
D.) Such tubers seldom reach a marketable size and mav sprout 
directly without going into a rest period. (Fig. 1, B, C.) Such 
sprouting- ma}^ give lise to ne\v stolons, to leafy and aDparently nor- 
mal shoots, or to a variety of malformed tubers. (Fig. 1, B, C.) 
Discarded tubers from early harvest often produce a second crop of 
healthy vigorous vines. (Fig. 1, D.) 

Plants affected after tubers have entered the early stages of dor- 
niancy may" resume growth and produce stolons and many small 
tubers. The more mature tubers, if still attached to the parent plant 
when it is attacked, may" also commence growth and develop into 
tubers of undesirable shape and low maricet value. (Fig. 1, C.) 
This breaking of the rest period in tubers after dormancy has been 
established and the inhibition of its establishment in developing tubers 
provides one of the constant and outstanding features of psyllid 
yellows. 

SYMPTOMS UNDER CONDITIONS OP REDUCED LIGHT INTENSITY 

The types, vigor, and sequence of syunptomatological expression 
vai;y so greatly under both the intensity and the duration of light 
thal synnptoms characteristic of the open field are of little value in 
judging results under protected conditions in the greenhouse or under 
conditions of relatively- dense shade. This fact was first suggested 
from observations made during the winter of 1927. Subsequent 
study, however, has provided a basic symiptomatology for the study 
of psyllid ymllows under shaded conditions and during the late fall, 
winter, and early spring months, and under cloth cages during the 
summer months. In fact, this symiptomatolory appears quite as 
reliable as that imder natural conditions in the field and has been used 
as a criterion of judgment for all work conducted under cloth or under 
winter greenhouse conditions. 

With decreased light intensity and duration, basal cupping and 
coloration do not occur uniformly. Instead, the basal lobes of tlie 
^rniing leaflets turn distinctly yellow and are inhibited in growth, 
giving rise to linear leaflets quite distinct from those of the normal 
leaf. (Figs. 3, A; 4, C.) Yellowdng finally appears in the inter- 
veiiial portions of the aft’ected leaflet, gi\dng a general leaf chlorosis, 
seldom seen under field conditions. (Fig. 4, C") A similar type of 
interveinal yellowing develops progressively from the younger to the 
older leaves, advancing slowly in later stages and showing a typical 
mterveinal chlorosis in the most advanced stages of the trouble. " The 
necrotic areas characteristic of the late stages of leaf deterioration in 
the opmi field have not as yet been observed under the more protected 
conditions. On the whole, the rate at which the plant succumbs to 
the disease under conditions of reduced light intensity and dura tion 
is much slow-er than that found in the open field ; diseased plants 
under such conditions may survive quite as long as and sometimes 
longer than the healthy individiials. 

The degree and ty^pe of bud activity both below and above the 
ground appear to be affected but little wdth varying light conditions. 
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NATURE AND CAUSE OF PSYLLID YELLOWS 

RELATION OF THE PSYLLID TO THE DISEASE 

Dining the early survey studies in June, 1927, Linford^'" first 
noted a small scalelike iiiseyt on plants showing symptoms of psyllid 
yellows. Subsequent studies showed a high correlation between the 
occurrence of the insect, which was later determined to he Paratrioza 
ockerelli by the Bureau of Entomology (fig. 6, A, B), and the charac- 
teristic symptoms of the disease. Survey studies throiigiioiit 19 
coiiiities in Utah showed tliis parallelism to be complete. "^Even in 
the most remote and isolated fields the disease and the insect were 
found constantly associated. In August, 1927, M. B. McKay, in a 
personal letter, reported the disease from Montana and southern 
Idaho, and in all cases the disease was associated with the insect. A 



Fjgitre G."— A, Eggs of Paratrioza cockerelli Sulc on young potato leaflet. X 9. B, NjuiiphsoI P. 
cockerelil feeding on young i)otato leaflet. Note eggs on leaf margin and scattered irregularly 
over the surface of the leaf. X 9 


similar report was obtained from H. G. McMillan for Wyoming and 
Colorado. Such obseiwations indicated rather clearly that the tomato 
psyllid was definitely concerned in the etiology of the disease. 

On July 15, psyllids were taken from Davis County and placed on 
50 plants in the pathological garden at Logan and covered witli gauze 
insect cages. All plants developed the disease. Later, liowever, 
tlie disease spread tliroughout the 34-acre experimental plot, finally 
invohfing 100 per cent of the exposed plants. Forty plants in this 
plot, however, had been grown under insect cages and were kept 
covered iin til October 15, and 39 of the 40 remained entirely free 
from the disease. During the season a triangular rent was made in 
one of the cages, through wMch parts of the covered plant pro- 
truded. This plant became infested with insects and developed a 
clear case of psyllid yellows. 


Ljni'ohp, M. B. Op. cit. (See footnafe 6, fh'st reference.) 
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Five c^xperiineiits to test tlie etiological relation of Paratrioza cock- 
erdli were made during September and October, 1927. On Septem- 
ber 5, 40 psyllids were confined on each of three plants grown in the 
greeiiiioiise under celliiloid cages. Similarly", caged plants free Ironi 
insects were held as controls. By Septembm* 9,^ one of the plants 
with insects had developed definite basal leaf rolling, a second plant 
had developed symptoms by September IS, and a third by October 2. 

On September 9, 30 nymphs were transferred to each of 8 plants 
grown under celluloid cages. Three plants covered with cages but 
free from the insects were used as controls. By September 28, all 
plants on which the insects fed had developed advanced stages of the 
ps^ilid yellows disease. The controls remained normal. 

bn September 20, 30 nymphs were placed on each of 3 plants under 
celliiloid cages; 2 plants were kept for controls. By September 30, 
10 days later, 2 of the plants had exhibited marginal yellowing and 
basal rolling, and the third had developed the disease by October 10. 
The 2 control plants remained disease-free until discarded on Novem- 
ber 1. Another series was started September 21 in which 30 insects 
were transferred to each of 7 plants. Four plants were held as 
controls. By October 10, the 7 insect-infested plants had developed 
clear-cut symptoms of the disease. The controls at this date were 
free from symptoms and insects. Later 1 of the check plants was 
found infested with lyvmphs and subsequently developed the disease. 

In the fifth series plants were started in the greenhouse without 
cages. These plants were grown in 8 inches of soil on the greenhouse 
bench. All plants were in a vigorous growing condition on Septem- 
ber 23, at which time the transfer of insects was made. Twenty 
plants distributed uniformly throughout the bed were employed 
and nymphs were carefully placed on 1, 2, or 3 leaves of each of the 
plants. The nymphs were confined to the leaves with gauze bags 
in such a way as to maintain complete isolation of other parts of 
the iiiociilated plant and of the control plants. Thirty insects were 
used to each plant; 51 plants were left as controls. Of the 20 to 
wliich insects were transferred, 3 showed marginal yellowing and basal 
leaf rolling within nine days. On October 10, iS plants exdiibited 
basal rolling as well as the characteristic yellowing and reddening. 
By November 1, when the experiment was terminated the plants 
had developed the disease and exhibited the various symptoms 
(‘haracterizing psyllid x^ellows in the field. The 51 controls remained 
disease-free. Nineteen diseased and nineteen healthy hills were 
selected and the tubers dug and weighed to determine the effect of 
the disease on tiiberization. The data are summarized in Table 2. 


Table 2. — Epect of psyllid feeding on tuberization of Irish Cobbler potatoes in 

preliminary experiments 


Condition of plant ! 

Hills 

Tubers 

Average 
tubers 
per hill 

■i 

Average 
total 
weight 
per hill 

Average 
weight 
per tuber 

Diseased ,■ 

dumber \ 
19 1 
39 ! 

Number 

317 

79 

Number 

16.6 

4.2 

Grams 
75.5 
92. 5 

Grams 

4.5 

1 ■ 22.. 0 

1 

Healthy 
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111 these preliminary tests all phases of the disease as found in the 
field were produced under controlled experimental conditions, follow- 
ing an incubation period of six to nine days. The results justify the 
coiiclusion that the disease in some way is induced during the feeding 
process of nymphs of Paratrioza cockerelli. 

RELATION OF NYMPHAL FEEDING TO THE DISEASE 
Kelation of the Number of Nymphs to Symptom Expression 

In the preliminary tests typical symptoms of psyllid yellows were 
produced consistently with as few as 30 active nymphs. In late 
autumn ivhat were considered characteristic symptoms of the disease 
failed to develop in the greenhouse on plants carrying as many as 
60 to 75 nymphs. The f ollo\ving March, however, the progeny of 
these insects wdiich had failed in the winter to induce psyllid yellows 
again consistently induced the disease. At first the cause for this 
apparent lack of potency on the part of the insect was not clear. In 
the course of the experiments, however, it became apparent that both 
the intensity and the duration of sunlight in some way either influ- 
enced the insect in its feeding or determined the type of symptom 
expression. 

During 1928 and 1929 attempts were made to determine more 
accurately the quantitative relation between nymphal feeding and 
the disease. On August 11, three series of experiments were started 
in the field under gaiize cages, using 10, 15, and 30 nymphs per plant. 
The time of feeding varied from 3 to 15 days, after which time the 
insects were killed by fumigation. The results are given in Table 3. 
All plants on wliich psyllids fed showed the early symptoms vi thin 9 
to 15 days after the insects commenced feeding. A study of the 
subsequent development of the disease on these plants was rendered 
valueless because of the general psyllid infestation of the field. 


Table 3. — Relation between mimber of psyllid nymphs and the length of feeding 
period and the first symptoms of psyllid yelloios under cages in open field 

[Period of feeding, 3 to 15 days, commenced August 11, 19281 


Serie.s No. 

Plants 

Nymphs 

I)ei' 

plant 

Length 
of feed- 
ing 
period 

Plants 

dis- 

eased 

Series No, 

Plants 

Nymphs 

'per 

plant 

Length 
of feed- 
ing 

period 

Plants 

dis- 

eased 

1 

9 

Number 

1 s 

1 1 

f 4 

1 ^ 

Number 

30 

30 

30 

30 

30 

15 

15 

Days 

3 

3 

10 

15 

5 

10 

Number 

4 

4 

4 

4 

4 

4 

4 

3 — 

Number 

! ' 

1 II 

Number 
IC'I 
■ . 10 
10 
10 1 

Days 

' 5 

10 
15 ' 

Number 

2 

2 

4 

' 2 




Between April 22 and July 25, 1929, four separate series of tests 
were completed, using from 1 to 9 n 5 anphs per plant. In these tests 
nymphs failed to produce psyllid yellows, although comparable num- 
bers during the past three years have occasionally been noted to 
induce the disease. 
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Additional data were obtained in four sets of experiments conducted 
under greeniioiise conditions between Marcli, 19 and June 25, 1929. 
Tiie iiuiiibers and the distribution of the m^iiiphs, together with a 
siiiiimary of results, are given in Table 4. 

Table 4. — SfnNmarij (if Jour scries of experiments, showing relation between iiurn- 
hers and disirihiiltonfoj ps//Uid nymphs and the syniptorn expression of psyllid 
yeUoirs on the Irish Cobbler potato 

1 Feeding I'eriod, Alarcii to Ajiril 12, J92U: data taken 41 days after insect transfer, 12 plants used in each 

experiment} 


Distribution of nymphs 

Psyl- 

lids 

per 

plant 

Plants 

dis- 

eased 

Plants 

remain- 

ing 

healthy 

1 Distribution of nymphs 

j 

Psyl- 

lids 

per 

plant 

Plants 

dis- 

eased 

Plants 

remain- 

ing 

healtliy 


.300 

11 

1 

i Nvmphs distributed 

30 

4 

8 


InO 

,11 

1 

equally on three leaves— 

15 

0 

12 

■Nymphs |:)Iaced on one 

75 ! 

7 i 

5 

I Continued. 

6 

1 

,1 1 

leaL... 1 

30 i 

3 i 

9 


300 

12 

0 

! 

.15 1 

3 1 

9 


150 i 

12 

0 


6 i 

0 i 

12 

1 X' y m p hs d i s t r i b u t e d 

75 

10 

2 

Nyiiiplis distri'buted | 

300 1 

12 i 

0 

1 equally on six leaves 

30 

7 

5 

■equally on tl'iree leaves. 

J50 ! 

10 i 

2 

15 

1 1 

11 

”5 ; 

9 ! 

3 

i 

6 

0 

12 


Results of all the various experiments indicate that under green- 
house conditions and during the shorter days of late fall or early 
spring the number of nymphs feeding, and possibly the distribution 
of the insect on the plant, are vital factors in the production of 
psyliid-yellows symptoms. Much additional work under controlled 
environmental conditions must be done to determine more accurately 
this ciuaiititative relation of nymphs to the occurrence of the disease. 

Eelation of Nymphal Feeding Period to the Prodxjctiox op Early 
Symptoms of the Disease 

Experiments were started on March 6, 1930, to determine the 
shortest period of insect feeding necessary to produce psyllid yellows. 
In the experiment, 200 nymphs (100 on each of two leaves) were 
confined on each of 20 healthy plants. Insects were removed at 
intervals as follows: Plants 1-5, after 2 days; plants 6-10, after 3 
days; plants 11-15, after 4 days. Insects on plants 16-20 were 
allowed to feed for the entire period of 36 days. Ten plants, 
Nos. 21-30, w^ere kept free from insects and remained free from the 
disease througlioiit the entire experiment. Tliis experiment was 
repeated with esseiitiall}^ the same results. The results are recorded 
in Table 5. * 

Eesiilts indicate that at least three days’ feeding is necessary to 
produce the first definite svmptoms of p%dlid yellows. Four clays’ 
feeding gave a more vigorous expression ol the*^eaiiy symptoms and 
resulted in a more permanent effect, although with a" 4-day period 
the disease did not progress far beyond the early manifestation. 

This failure of symptoms to appear as a result of fewer than three 
days’ feeding was not occasioned by any peculiar masking effect of 
the environment, as the early appearance of the disease resulted 
when the same number of insects fed for longer periods, ancl a 
complete expressioii of symptoms was produced l)y nymphs feeding 
eoiitinuoiisly for a periocl of 36 days. " V , 
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Table o.~-~Relaiio7i between short periods of nymph feeding and the production of 
early or first sympiorns of psyllid yellows in the Irish cobbler potato 

[Feediii'? time 2, 3, 4, and 36 days; 200 insects used on each plant] 


Plant; No. 

Feed- 

peH?Kl 

Condition 
of plant 
at removal 
of nymphs 

Condition of plant 10 days 
after feeding commenced 

Condition of plant 36 days after the 
beginning of nym|)h feeding 


Days 

No syin{)- 
toins, 

do 

Normal . 

Large plant apparently normal. 

Very slight marginal yellowing, other- 
wise normal. 

Do. 



_do . 


2 

_ ..,_df) 

- -- do 

4 

0 

do 

Mere trace of marginal 

Slight basal yellowing and restriction, 


2 

do 

yellowing. 

Normal 

otherwise normal. 

Slight basal yellowing, otherwise, nor- 
mal. 

Basal, marginal, and interveinal yellow- 


3 

do 

Slight interveinal yellow- 


3 

do.-,- 

ing. 

Normal 

ing distinct early symptoms. 

Normal except slight yellowing of 
young leaves. 

Slight yellowing of 3 leaves, otherwise 


3 

3 

-do 

Slight trace of yellowing 

. 

» ;'i _ 

do 

on young leaflets. 
Normal 

normal. 

Young leaflets yellow and some inter- 
veinal yellowing could be considered 
type of early symptoms. 

Distinct basal yellown’ng on a number 

iO 

3 

do 

Slight marginal yellow- 

11 

4 

do 

ing. 

Normal 

of younger leaves. 

Do. 

12, 13, 14 

1 0 - - - - _ - 

4 

S y m p » 

Early symptoms of dis- 

Distinct basal, marginal, and inter- 

4 

to ins 

i do 

ease; basal, marginal, 
and interveinal yellow- 
ing. 

IVIargmal, basal, and in- 
ter veinal yellowing. 

Marginal, basal, and in- | 

veinal yellowing on younger and 
older leaves, showing that feeding 
had some effect on subsequent 
growth. 

16, IT, 18, 19, 20... 

36 

do 

Full expression of symptoms of disease 

‘>0-30 

0 

Healthy.,. 

terveinal yellowing; all 
symptoms exhibited. 
Healthy 

above and below ground. 

Healthy, with occasional plants show- 
ing slight yellowing of younger 
leaflets. 

i 




Relation" op Nymphal Feedin'g Period to the Sequen'ce and Degree op 

Symptom Expression 

Dmiiig the earlier greenhouse and field studies instaneeB were 
observed frequently which indicated the existence of a definite 
relation between the length of the feeding period and the final degree 
of disease expression. In many cases, especially under greenhouse 
conditions, apparent recovery was noted, and in general the accm 
miilated evidence suggested that continued feeding of nymphs was 
necessary to produce the full expression of psyllid yellows. 

On February 23, 1930, two series of experiments were started to 
determine more accurately the relation of the feeding period to the 
early appearance and to the continued development of symptoms of 
psyllid yellows. Twenty plants, exclusive of controls, were used in 
each of the two series. In series 1, 200 nymphs (100 on each of two 
leaves) were confined by means of gauze bags to each of 20 healthy 
plants. The insects were then removed from the plant by clipping 
off the infested leaf as follows: Plants G-IO, after 12 days^ feeding; 
plants 11-15, after 16 days, and plants 16-20, after 26 days’ feeding. 
Plants 1-5, inclusive, were fed upon for 48 days. 

Series 2 was set up in the same manner as series 1. Plants 1-5, 
inclusive, were fed upon for a period of 50 clays, or during the entire 
time the experiinents \vere run. Insects w^ere removed as follow's: 
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Plants 6-15j after 9 days; plants 16-20, after 14 days. Eight insect- 
free plants were used as controls for series 1 and nine plants for series 2. 
All plants ill both series were grown openly in the^ greenhouse bench 
in 8 inches of soil. A summarized statement of series 1 and 2 is 
recorded in Table 6, (Fig. 7, A, 1-5.) 

Table 6. — Summary of results of experimental series 1 and 2 %n which 200 psyll'id 
nipriphs were fed on Irish Cobbler potato plants for various periods longer than 
the incubation period 

[See text for details and also Figure 6A, 1-5 
SERIES 1 


Length i 
of 1 
feeding ; 

Plants 

in- 

volved 

1 Aver- 
age 
height 

Aver- 

age 

Inumber 

1 of 

1 leax’es 
i per , 
plant 
i 

1 

Aver- I 
age 1 
1 length 

I of 
leaves 

Aver- ' 
1 age 
i tubers 
per liili 

i 

Aver- 
age > 
weight 
of 

1 tubers 

I per hill 

Aver- 
age i 
weight ! 
per 1 
tuber 

1 

1 

1 General expression of symptoms at 
the end of the experiments, which 
lasted 50 days 

I 

1 

Days 

Number'' 

Inches 

Number 

Inches 

iNimber 

Ounces 

i 

Grams ' 


0 

0 

16. 0 : 

10.3 

10.3 

' 4. 5 i 

6.7 : 

! 42.2 i 

Normal. 

12 

5 

1 15.2 

1 11.6 

11 

1 S.S i 

i 5, S ’ 

1 1S.7 

i i 

Some apparently normal; others 

1 slightly yellowed; some axillary 

1 growth. 

16 

5 i 

' U. 2 

13 

! 9.9 

i s. s 

1 4.05 

1 13.0 i 

i Distinct interveinal yellowing; abun- 
1 dant axillary growth. 

26 

5 

; 13. 1 

1 12 

1 

1 

11.4 

1 4.02 

10.4 

i 

Clearly diseased; yellowing of younger 
and older leaves. 

oO 

5 

! 11.3 

i 12 

i S.7 

1 

14.0 

1. G 

1 

3.2 j 

1 

Severe disease of all plants; yellowing, 
reddening, and cupping of apical 
leaves; apical and axillary hyper- 
trophy. 


SERIES 2 


0 i 

8 i 

1 

14. 3 1 


9.8 i 

1 ^-8 i 

5.6 i 

23. 1 ■ 

Normal. 

9 1 

10 

13.7 i 


9. OS 1 

! '! 

9.0 i 

5. 4 

17. 0 : 

Some apparently normal; others 
slightly yellowed; some axillary 
growth. 

14 1 

1 , 5 

i 13.3 i 


1 S.3 1 

S.4 1 

4.6 . 

' ■ 15. 5 j 

Distinct interveinal yellowing; abun- 
dant axillary growth. 

50 

i 

J2.S 

i 


9.5 

i 

13.4 1 

1 

.3| 

. 

4.S| 

1 

1 

Se vere disease of all plants; 3 "ellowing, 
reddening, and cupping of apical 
leaves; apical and axillary hyi;)er- 
trophy. 


IMost of the infested plants in the two series showed slight marginal 
and interTeiiia] i^ellowing by the sixth da^n All plants showed un- 
mistakable symptoms at the end of the tenth day. Many plants 
exhibited inarked rolling and cupping of the smaller and younger 
leaflets. Basal, iiiarginal, and interveinal yellowing was pronounced 
on all plants from which insects were removed on the twelfth day in 
series 1 and by the ninth day in series 2. A number of these plants 
also showed basal leaf cupping and reddening of yoimger leaves. 
More advanced symptoms, such as leaf rolling, pronounced inter- 
veinal yellowing, slight nodal enlargements, and beginning axillary 
growth, were evident at the end of the sixteenth and twenty-sixth 
days. 

In all cases, on the removal of the insects, the progress of develop- 
ment of the symptoms appeared to cease rather abruptly. All red and 
purple coloring that had developed during the feeding period on 
affected leaves completely disappeared. Leaf rolling "^or cupping 
ceased, and the rolled leaves uniformly unrolled and assumed norinal 
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position and shape: A definite tendency toward recovery was noted 
also in both marginal and interveinal yellowing. Where but slight 
yellowing occurred prior to insect removal, recovery was apparently 
complete; however, when the yellowing was well advanced, the 


normal green color was seldom regained. Plants fed upon for few^er 
than 16 days assumed practically normal linear growth and in many 
cases equaled the unaffected plants. Subsequently, axillary and 
apical growth was of a normal green color and of apparently normal 
texture. Certain physiological processes, however, were so disturbed 

16 . 2217 — 33 - 2 - . 


206 


Journal of Agricultural Research 


Vol. 46, No. 3 


diirinp; tlie feeding’ that the plants did not completely recover from 
the effects of the disease. This is clearl}'^ shown in the relative height 
of plants (fig. 7, A), number of tubers per hill, average weight of tubers 
per hill, and average weight per tuber. (Table^ 6.)_ In all cases, a 
greater number of tubers with a decreased total hill yield and decrease 
in tuber weight resulted with increased length of feeding. _ All symp- 
toms characteristic of the disease developed prominently in plants on 
which the iiisects were fed for the total 50 days, (Fig. 7 A, 1.) 

Results indicate clearly that the symptom complex characteristic of 
psyllid yellows is entirely contingent upon the feeding process of 
ipyrnphs^of Paratrioza cockereUi and further that a complete expression of 
symptoms in their characteristic secpience and intensity, under green- 
house conditions, is entirely dependent on the continued feeding of the 
nymphs. 

RELATION OF ADULT FEEDING TO THE DISEASE 

Studies with nymphs have given no clue as to the exmt effect of 
adult feeding on symptom expression. Two sets of experiments were 
set up July ib, 1929, in which adult psyllids were allowed to feed for a 
period of 28 days on healthy Irish Cobbler plants in the open field. 
In the first series, 50 adults were fed on each of 10 plants. These 
were confined in groups of 10 on each of 5 different leaves of the plant, 
by means of small spring cages. In the second series, 75 insects were 
fed on each of 10 plants, 15 in each spring cage on each of the 5 separate 
leaves. Five of the msect-infested plants of each series were then 
placed under insect-proof cages and kept covered for the entire time 
of the experiment. The other five plants of each series were left un- 
covered and exposed to the natural weather conditions in the field. 
Cages with insects were shifted to new feeding areas on the leaf every 
third day and the eggs laid during the period destroyed. All insects 
lost through death or escape were promptty replaced by additional 
insects from the insectary. No indication of the disease developed 
from adult feeding either during or subsequent to the 2S-day period. 

Five additional series of experiments were started on August 22 in 
the greenhouse to determine whether adults in numbers greater than 
those used in the earlier field studies could induce yellows. In these 
experiments the insects were confined to the plants in large celluloid 
cages under which the plants had been grown, thus allowing feeding 
over the entire plant surface. To insure against nymph feeding, the 
adults were removed at intervals of four days and all eggs destro^T-d. 
In this process, adults were removed from the cages by suction guns 
and^ placed in small vials. The eggs were then crushed and the 
original number of insects u’eplacedr All adults used in the experi- 
ment were obtained from diseased plants in the insectary. 

In series 1, 100 adults were placed on each of 10 plants on August 22 
and allowed to feed iintil September 16, a total of 25 days. "At the 
end of the feeding period, none of the plants showed symptoms of 
psyllid yellows. Eggs laid duiing the last 4-day period of insect 
feeding, September 12 to 16, were allowed to hatch on 6 of the 10 
plants used in the experiment. All 6 of these plants showed typical 
symptoms withiii 9 to 12 days after the hatching of the eggs. ^ The 
other 4 plants, kept free from nymphs, did not develop psyllid yellows 
after the removal of the adults. ' " ■ 
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Series 2 was a duplication of series 1 except that 150 instead of 100 
adiiits were used. Eight of the ten plants remained free from symp- 
toms for 28 days, at which time the experiment was terminated. 
Two plants showed unmistakable symptoms of disease. When 
examined, however, both diseased plants were found to carry- a number 
of psyllid nymphs, hatched from eggs which were overlooked in the 
expenment. All adults were removed from the 10 plants at the end 
of 28 days. As in series 1, the eggs laid during the last 4 days of the 
experiment were allowed to hatch on 6 plants, all of which developed 
ps^dlid yellows within 8 to 12 days after the nymphs commenced 
feeding. 

Series 3,4, and 5 differed from 1 and 2 only in the number of adults 
used. In series 3, 200 adults were allowed to feed on each of 5 plants; 
in series 4 and 5, 500 and 1,000 adult insects, respectively, were placed 
on each of 3 plants. After 28 days' feeding, none of the 11 plants in 
the three series showed the slightest symptom of disease. Plants fed 
upon by these larger numbers, however, were evidently stunted in 
growth, and when the numerous nymphs from eggs laid during the 
last four days of the experiment were allowed to feed, 7 of the plants 
were killed. 

The five experiments on adult feeding were carefully checked, 

(1) by placing 50 nymphs on 10 healthy plants and allowing them to 
feed during the 28 days, all of them developing psyllid yellows, and 

(2) by placing 7 plants under cages not exposed to insect feeding but 
treated as if eggs were being crushed at the same period as eggs were 
crushed in the experiments. Except for apparent stunting and 
occasional leaf mutilation, these latter plants showed no indication of 
treatment. A final check was provided by growing 10 plants under 
cages free from insects and untouched. The check plants remained 
free from disease during the 28 days of the experiment and grew some- 
what larger than did those exposed to insects. 

Kesults of the five series on adult feeding are given in Table 7. 


Table 7. — Results of five, series of exjjeriments in which various numbers of aduU 
psyllids tvere fed for 25 days on healthy Irish Cobbler potato plants 


Exi'eriirent X'o. 

Insects 

used 

r;er 

plant 

Stage of insect 

Plants 

used 

Diseased 

plants 

Healtfiy 

i::larits 

1 

100 

Adult ^ 

10 

0 

10 


ISO 

do - 

10 

« 2 

,8 

3 

200 

..dn 1 

5 

0 

D 

4. 

f.00 

__.-.do _ .... i 

3 

0 

3 

5 - ' 

1,000 

do. ..... 

3 

0 

3 

Control.... 

CO 

Nymph. ... _ 

20 

20 

0 








" As explained in the text, these 2 plants showing umnistakable syniptonis were found to have a niiinber 
of nymphs feeding on them. 


RELATION OF NYMPHS TO INFECTIVE PRINCIPLE 

The failure of adult psyllids to induce the disease at once raises the 
cpiestion as to the origin or source of the substance injected by nymphs 
which produces the pathological symptoms characteristic of psyllid 
ymllows in the potato. An attempt was made to separate the nymphs 
from this substance by removing eggs from the leaves of potato 
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plants to liealtl\y disease-free leaves in Petri dishes where they were 
allowed to hatch. The resulting nymphs were then^ transferred to 
healthy plants on which they were allowed to develop into aduHs and 
finall}^ to lay eggs. From these eggs three separate broods of nymphs 
(A, and C) were obtained and were placed on healthy potato plants 
ill the greenhouse. Two hundred nymphs were placed on each plant 
used in the experiment. Two plants were used for insects from 
brood A, 3 for brood B, 4 for brood C. Nymphs were allowed to feed 
for 27 days. Eight plants were held free from insects as controls, and 
additional plants were inoculated, each with 200 nymphs from 
diseased potato plants. All nine plants fed on b}^ the nymphs from 
broods A, B, and C developed uniformly symptoms entirely^ char- 
acteristic of psydlid yellows and in a more severe form than that 
produced by nymiphs from diseased potato plants. The results are 
recorded in "Table 8. 


Table 8. — Results from the feeding of psyllid nymphs which ivere obtained from eggs 
hatched in Petri dishes on disease-free -potato leares 

[Feeding period, 27 days, March 25 to April 22, 1929] 


Source of insects 

Plants 

em- 

ployed 

Insects 

per 

plant 

Dis- 

eased 

plants 

Healthy 

plants 

Incuba- 

tion 

period 

Degree of severity of disease 

Brood A 

Nu mber 

2 

Number 

200 

Number 

2 

Number 

0 

Bays 

6 

Severe expression. 

Brood B 

3 

! 200 

.3 ! 

0 

1 6 

Do. 

Brood C 

4 ! 

1 200 : 

4 i 

0 

! 6-S i 

Do. 

From diseased plants * 

8 

200 

8 1 

0 ' 

1 6-8 ! 

Mild to severe; only 2 plants 

Insect-free (contTol ) 

Y 

0 

0 ’ 

8 

1 

i ' 

i 

1 

equalled in severity the plants 
fed upon by insects, broods A, 
B, and C. 


TRANSMISSION STUDIES 

During 1928 and 1929 various standard methods used for tlie arti- 
ficial transfer of virus diseases were employ^ed in attempts to transmit 
psyllid yellows from diseased to healthy potato and tomato plants. 
Large nimibers of plants in different stages of development were used 
as sources of inoculum and for inoculation. All these attempts gave 
negative results. Binkley (f, ih 26) also reports negative results in 
his attempts to transmit artificially^ the disease in the tomato. In 
preliminary experiments grafting has also proved ineffective as a 
means of transmission. To date, the nymph of Paratrioza cocker elli 
appears to be the only known means by which psyllid yellows can be 
transmitted from diseased to healthy plants, if such transfer actually 
takes place, or by wliicli the disease is induced directly into healthy 
plants. yFiirtlier work is now in progress to test all known methods 
of artificial transmission. 

Observational and experimental evidence further indicates that 
psydlid yellows is not transmitted through the tuber from diseased 
parents to the progeny under field or greenhouse conditions in Utah. 
Young plants from attached tubers produced by diseased plants or 
from tubers detached from the mother plants show no symptoms of 
the disease; however, both may develop the disease with equal readi- 
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ness when fed upon by psyllid nymphs. It is also quite possible that 
young attached shoots may in time develop the disease through the 
mother plant, when the latter is fed upon continually by nymphs, 
although this relation has not been clearly established. In the field 
shown^in Figure 1, D, only 18 plants were found to exlxibit distinct 
psyllid symptoms on October 4, 1927, when the photograph was taken. 
N}unphs were found actively feeding on all of these. Three bushels 
of tubers selected from this same crop and planted in 19S8 produced 
vigorous plants entirely free from any signs of the disease. 

Because of the vigor of the plants, the owner selected seed from tliis 
same stock for liis 1929 planting. Although in 1928 the plants were 
infested with the psyllids later in the season, the plants in 1929 again 
appeared entirely free from the disease and remained so throughout 
the season. Other observations similar to the foregoing were made 
during 1927 to 1930, inclusive, and plantings made for the purpose 
of determining tliis relation gave similar results. In 1929, 15 fields 
of second-crop potatoes from discarded infested tubers were observed 
to show no symptoms of psyllid yellows until fed upon by psyllid 
nymphs later in the season. Under no observed conditions have 
plants, grown from tubers produced by infected parents and kept free 
from insects, shown symptoms of psyllid yellows either in the green- 
house or in the field. 

EPIDEMIOLOGY OF PSYLLID YELLOWS 

GENERAL NATURE 

The sudden appearance of psyllid yellows in 1927 provides an inter- 
esting problem for analysis. According to data already presented, 
the disease appeared rather suddenly in the early crop throughout 
Lhah, the western slope of Colorado, southern Idaho, and local areas 
in Montana and Wyoming. Tins apparently sudden and extensive 
distribution was no less startling than the degree of uniformity with 
wliich the disease occurred. In Utah few, if any, fields in the infected 
areas escaped the disease, and in certain localities, particularly those 
growing early potatoes, infection was so complete that scarcely an 
unaffected plant could be found. Isolated fields in canyons many 
miles removed from the main valley centers of potato culture became 
infected before the end of the season. A similar situation existed 
throughout the western slope of Colorado where the disease almost 
completely destroyed the potato crop in many districts. 

FACTORS INVOLVED 

The sudden appearance and widespread and imifonn distribution 
of psyllid yellows in 1927 are explainable only by the presence^of some 
prolific and rapidly disseminated etiological factor, such as is found 
in the tomato psyllid. The distribution of Paratriom cockerelli prior 
to 1927, the nature of the insect, that is, its natural means of dis- 
semination, rate of development, longevity and degree of fecundity, 
insect parasitology, and the number and distribution of host plants 
are, therefore, vital factors. The various environmental factors, 
such as temperature, humidity, and air movement enter into the 
problem chiefly as a result of their infliuence on the fecundity and 
dissemination of the insect. 
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Distribl^tion of the Insect Prior to 1927 

The suddenness witli which psyllid yellows occurred and the 
novelty of the disease in the infested areas during 1927 suggests an 
early rnigration of Pamtrioza cockereUi from a few local areas in 
wliich the insect norinally siirAUved into the various parts of IJtaly 
Idaho, Montana, W^nmiiig, and parts of Colorado. On the other 
hand, it is quite possible "that the insect had previously occupied 
these infected areas but had occurred in such small numbers as to 
eiitireh" escape notice, especially as an etiological factor; thus, with a 
disturbance of some peculiar balance, the involvement of the entire 
region of the 1927 epidemic was made possible. 

Survey studies subsequent to 1927 have establislied the fact tliat- 
Paratrioza cockereUi had been present and responsible for psyllid 
yellows during 1925 and 1926 in the Green River and ATashington 
thiinty districts in Utah and in certain districts in Colorado. It is 
conceivable that the insect might have spread from these various 
areas throughout the range occupied in 1927. The more general 
distributions of the insect reportecl by Crawford (4) in 1914 appears 
to furnish the more plausible explanation for the 1927 epidemic of 
the disease. This writer gives the distribution of the species of 
Paratrioza cockereUi as covering the entire southwestern part of the 
United States and reports the specific localities in which the insect 
has been found as follows: Boulder, Rocky Ford, and Canon City, 
Colo.; Milford and Park City, Utah; Tucson and Fort Yuma, Ariz.; 
Madagascar Mountains, N. Mex.; Claremont, El Centro, San Luis 
Obispo, Argus Mountains, Alameda, and Death Valley, Calif. The 
occiiiTence in Milford and Park City, Utah, is especially interesting, 
and the further fact that the L^tah station entomologists have observed 
Paratrioza cockereUi in the infested areas in previous 3^ears suggests 
the distinct possibility" that the insect might have been more generally 
distributed than had been supposed. The ability of the insect to 
overwinter in those areas to which it spread in 1927 and its early 
appeanmce in Davis County, Utah, apparently bear out this 
■ possibility. 

Nature op the Insect 

Crawford (5, 4)? Ferris (7), and Lehman (10) describe Paratrioza 
cockerdli as a small homopteroiis insect of the family Cheridae with 
a small, active clear-winged adult stage, vaiyiiig in^size from 1.3 to 
LS mm in length and from 0.39 to 1 mm in width. This small adult 
is extremely active ; when disturbed, it springs quicldy into the air by 
means of its powerful hind legs. The springing habit of the insect, 
assisted by flight and by the wind, undoubtedly functions effectively 
in the distribution of the species and consequently in the spread of 
the disease at least witliin relatively localized areas. The insect is 
so minute that when once in the air it might readily be transported 
considerable distances hj the air currents. It is conceivable that 
the combination of these factors may- result in the transportation of 
the insect over long distances. . : . / 

Observations as to the longevity of the adult vary. Compere (f) 
noted that Paratrioza adults lived for three months in 

(uiptivity. Know! ton and Janes (9) gave 64 days as the longest life 
period for an adult male and 189 days for an adult female, with an 
average life of 25.22 days for males and 34.4 days for females. The 
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writers found the life of the female to vary from a few' hours to 60 
days, with an average longe\dty under greenhouse conditions of 45 
days. The long life of the insect may result in overlapping of broods, 
which fact, coupled wdth a long o\’iposition period, aids greatly in 
increasing the numher of affected individuals. 

Compere [2) observed that egg laying commenced three days after 
copulation^ although he did not state the length of the preoviposition 
period. Knowdton and Janes (9) reported a preoviposition period 
varying from 5 to 25 days, wdth an average of 10.1 days from emer- 
gence of adult female until the first eggs were produced. Similar 
results to those of Knowlton w^ere obtained b\^ the wuiters. It will 
be noted from Table 9 that the preoviposition period for the 10 females 
varied from 4 to 20 da,ys, with an average of 9.7 days between emer- 
gence and the production of the first eggs. Compere (2) stated that 
three adults in capti^dty laid eggs for a period of 3 days. Ehiowdton 
and Janes (-9), on the other hand, gave a much longer period of egg 
laying, varying from a few days to a maximum of 179 days. They 
found the average oviposition period of 58 females to be 21.45 days. 
For 10 insects observed imder greenhouse conditions, the writers 
found the oviposition period to vary from 20 to 53 days, with an 
average of 35.2 days. (Table 9.) 

Table 9. — Egg-layina history of 10 adult females of Paratrioza cocherelli (Sulc) 
under greenhouse condilions 

[One pair of adults was confined to leaves of potatoes means of spring cages; at the end of each 24 hours 
the cages with insects were removed to a new leaf area and eggs laid during the 24 hours counted] 


Adult No. 

Pre- egg- 
laying 
period 
of adult 

Length 
of egg- 
laying 
period 

Total 

eggs 

laid 

Adult No. 

Pre-egg- 
laying 
period 
of adult 

Length 
of egg- 
laying 
period 

Total 

eggs 

laid 

1 

Days 

5 

6 
11 
If) 

4 

0 

Days 

20 ! 
21 
33 
2S 
53 
46 
49 

Number 

430 

458 

851 

.504 

1 1, 460 

979 
829 

8 

Days 

20 

17 

5 

Diys 

35 

31 

36 

Number 

553 

497 

641 

9 

9 


10 



4..__ 

Xlinimum 

' 4 

20 

9. 7 

1 20 I 

53 1 

' 35. 2 i 

430 

1,460 

1 720' 

i 

fj 

ft 

Xlaximum 


Average 




In tlie shortest oviposition period of 20 days, as shown in Table 9, 
the insect laid 430 eggs, while the female with an oviposition period 
of 53 days deposited i,460 eggs. Also, as shown in Table 9, the 10 
insects averaged 720 eggs. Knowlton and Janes {9) report a total 
of 19,833 eggs from 60 females, with an average of 330,55 eggs for 
each of the 60 females. These writers also record a inaximiim of 
1,352 eggs for a single female, laid during a period of 179 days. 

Knowlton and Janes (5, jp. 285) record a high percentage hatcha» 
bill ty of psyllid eggs. Of 9,615 eggs observed, 7,989, or approxi- 
mately 83 per cent, hatclied, giving rise to living nymphs. The 
large number of eggs, their hatchability, and the extended period 
during which the female psyllid may lay eggs undoubtedly plays an 
impGrtant part in the epidemiology of psyllid yellows. 

Pdrairioza cockeretti passes through an incomplete metamorpliosis 
mth the usual stages of adult, egg, and nymph. The time required 


This shmild be 83 per cent. 
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for coiiipletion of tlie life cycle has been variously estimated and has 
been shown to depend to quite an extent upon the influence of en- 
viroiiiiieiit on the development of the insect during the various stages 
of growth. Compere (2) reports that approximately 45 days were 
evidently required to complete the life cycle under the conditions 
imposed in his experiments. He further states that the broods '^are 
continuous tliroiiglioiit the year/’ Lehman (10) gives 25 days as 
the time necessaiy for the life cycle of the insect. Knowlton and 
Janes (S, p, 986), in laboratory studies with a niuch larger number 
of insects than observed by Compere, give the time for development 
of the various instars shown in Table 10. 

Table 10. — Tmie of development of various instars of Paratrioza cocker elli as 
given hj Knowlton and Janes 


Instar 

Npiiphs 

observed 

Average 

days 

required 

Instar 

Nymphs 

observed 

Average 

days 

required 

First.,-- 

252 

2.76 

Fourth-. 

151 

2. 72 

Second 1 

ISG 

1 2.44 

Fifth 

133 

; 1 

4. 87 

Third -_..J 

158 

2. 49 



Knowiton and Janes (9) state that the total time for nymphal 
development for some 800 nymphs observed varied with conditions 
from 12 to 21 days, with an average of 16 days. These data corre- 
spond essentially with the observations of the present writers. 
Judging from the data supplied by Knowlton, the life cycle of Para- 
trioza cockerelli from egg laying to adult emergence may be completed 
within from 25 to 37 days, depending on the conditions to wiiich the 
insect is exposed. These data are significant in view^ of the fact 
that nymphs have been observed under the rather vigorous climate 
at Logan, Utah, as early as May 4, and in an active state as late as 
November 2. In view of these data, it appears possible that from 
three to five broods may develop during a single season. Conse- 
quently, the progeny from a single female adult under favorable 
conditions may number into the millions in a single season. In view^ 
of such fecundity and length of life favorable ecological conditions 
for overwintering and propagation may initiate an epidemic any 
season. 

Parasitology op Insect 

Little is knowm of the parasites of Paratrioza although the 

writers have observed that such do occur and undoubtedly plav an 
important part in the surrival of the species. Whether the absence 
of psylhd parasites played a significant part in the epidemic of 1927 
and in the persistence of the insect during 1928-29 and 1930-31, there 
is no wny of determining. However, as the variation in the physical 
environment appears inadequate to explain the epidemic of 1927, it 
wmiild seem that the abundance and sudden appearance of the insect 
during the particular year might be adequately explained by a serious 
disturbance of the biological balance which ordinarily keeps the 
insect in check. The parasitology of Paratrioza cockerelli remains as 
a problem for further study. 
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Number and Distribution of Host Plants 

Tlie food plants of Paratrioza cockerelU are imdoubtedl}^ important 
in facilitating the distribution of the insect. ^ The degree of influence 
which these food plants exert, however, is still problematic, although 
the number of plants on which the insects have been found is signifi- 
cant. Crawford (4, P- 72) lists food plants as follows: “Pepper {(Jap- 
sicuM anmimf tomato (Solaamin nigrum), potato (Solmium tuberosum)^ 
^ * spruce (Picea sp.) pine {Pinus monophylla), alfalfa JMedJ- 

cago sativa). List (11, 12) reports psyllids as being abundant on the 
cultivated tomato in Colorado. 

Ferris (7) observed adults and nymphs from California on tobacco 
(Nicoiiana tabacwrn), and Compere (2) stated that the insects on 
which he made observation in the Golden Gate district of California 
were found on the Jerusalem cherry (Solarium capdcxistriim). Van 
Duzee (17) listed the insects on members of the following genera: 
Capsicum, Solanum, Purshia, Picea, Pinus, and Medicago. Essig (5, 
p, 43S) in 1917 added Datura sp. and Solanum. nigrum to the list of 
host plants. The writers have found Paratrioza cockerelU nymphs and 
adults feeding abundantly _ on tomato^ (Lycopersicurn 
groundcherry (Phy sails longifolia), matrimony- vine (Lycium vulgaref 
and on all varieties of the potato (Solanum tuberosum) grown in Utah 
during the past three ^mars. In the greenhouse the nymphs have 
been found to feed on tobacco. 

The common groundcherry appears to be a most favorable host 
of Paratrioza cocUerelli in Utah, second possibly only to the potato 
in importance. In 1927, this plant was universally infested with 
psyllids throughout the State, and even in isolated areas miles from 
potato fields it was found to support large numbers of both nymphs 
and adult psyllids. The general distribution of this Physalis species 
in Utah undoubtedly facilitated the dissemination of P. cockerelU 
in 1927 and figured as an important factor in the epidemic of psyllid 
yellows in that year, as well as in the general epidemiology of the 
disease. 

DISCUSSION 

Accumulated evidence clearly indicates that Paratrioza cockerelU 
in some definite way is involved in the etiological complex of psyllid 
yellows. Exactly in what manner the insect produces the disease, 
however, has not been revealed, although some facts are sufficiently 
suggestive as to merit definite consideration. The total absence of 
visible disturbances at the point of insect feeding, together vith the 
systemic nature of psyllid yellows and the few insects necessary to 
induce the disease, precludes mechanical injury or food extraction 
as possible elements in disease production. On the other hand, 
these basic relations considered in connection with other features of 
the disease suggest more definitely that the disease is produced 
either by a virus, transferred from plant to plant, or by some toxic 
substance injected into the plant tissue during the feeding process of 
P. cockerelU nymphs. Facts have been obtained wliich support both 
possibilities. 

The more critical studies have revealed facts wliich are difficult 
to fit into the virus theory. The abrupt cessation of symptom 
development with the removal of the insect followed by an apparent 
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imifoiTn teiicleiicY to recover from tlie disease, is especially pertin.ent 
in this coiinectioii. These facts, when taken together with the 
developiiient' of apparently healthy organs from axillary buds and 
the absence of tuber transmission of the disease, renders acceptance 
of the virus concept particularly difficult. In this connection it is 
also necessaiw to recall that the adult psyllid is incapable of producing 
ps 3 dlid yellows after feeding on diseased plants, and that the infective 
principl'e, whatever its nature, is probably inseparable from the 
psyllid nymphs, which alone are capable of producing the disease. 
The foregoing, however, must be considered in view of the fact that 
Shapovarov Xl6) reports tuber transmission of psyllid yellows and 
that Binkley {!) claims to have separated that which he considers 
as a virus from the n 3 unph and has unhesitatingly designated the 
disease as of virus origin. On these two points the meager data 
presented by these workers raise a serious question as to the justifi- 
cation for their conclusion. Whether or not the substance injected 
into tlie potato plant by Paratrioza cockereUi is a virus remains a 
question for future research. 

To the writers the explanations that appear most plausible^ 
especially in view of a number of the foregoing facts, is that Parcrtrioza 
cocker dli during its feeding processes injects into the plant tissues 
some toxic substance which quickly becomes systemic and possibly 
produces the exaggerated responses characteristic of the disease by 
its interference in some way with the carbohydrate metabolism of 
the plant. 

It is interesting in tliis connection to note that Monteith and 
Hallo well (13) report a condition involving the feeding of leaf hoppers 
on legumes whicli resemble closely the etiological complex and symp- 
tomatological responses involved in psjdlid yellows. They suggest 
that the pathological symptoms involved are probably the result of 
some “chemical or enzymatic toxin,’' secreted by the leaf hoppers. 

Should the to.xin theory of psyllid yellows prove correct, it would 
appear that this disease, also the whitetop of alfalfa and other 
legumes, the hopperburn of potatoes, and possibly other diseases, 
constitute a group of plant maladies that may truly be designated, 
based on their peculiar etiology, as insect diseases. 

SUMMARY 

Psyllid yellows as a disease of the potato fii'st came to the attention 
of plant pathologists in 1927, although there is eHdence that the 
trouble has existed in certain isolated areas in Utah for a number of 
years prior to this date. 

The disease may develop suddenly over a vast area in any one season 
and is capable of extensive and frequently complete destruction in 
both the early and the late potato crop. 

Studies since ^ 1927 have shown the dangerous nature of psyllid 
yellows and indicate that in certain districts it is a perennial menace 
even to the extent of eliminating the potato as a crop. This condi- 
tion exists particularly in Washington County in southern Utah, 
and also in the early potato-growing areas of DaUs and Weber 
Counties in the northern part of the State. A similar condition is 
reported also for the Fruita section in the Grand Junction district of 
Colorado (western slope). 



Feb, 1, 1933 


Psyllid Yellows of the Potato 


215 


In siiryey studies the tomato psyllid {Pamtrioza cockerelli Side) 
has been found constantly associated with psyllid yellows of the potato, 
and experiments have shown that the disease is in some wa}" induced 
during* the feeding processes of the nymphs of this insect. 

Under conditions especially favorable for symptom expression as few 
as three to five nymphs might occasionally produce psyllid yellows, 
although uniformity of appearance and full expression of symptoms 
seldoiii result with fewer than 15 to 30 actively^ feeding nymphs. 

The adult form of Paratrioza cockerelli in nimibers up to 1,000 per 
potato plant appear incapable of producing psyllid yellows symptoms 
on the plant in the field or in the greenhouse. 

The symptomatology of psyllid yellows varies greatly with the 
miinber ''oi insects feeding, the length of feeding period, and the 
intensity^ and duration of light exposure during the time of feeding. 

Psyllid-ymllows symptoms under conditions of immodified sunlight 
consist ofSmllowing, basal leaf rolling and purpling of the younger 
leaves, yellowing and rolhng of older leaves, nodal enlargement, 
increased axillary angle, aerial tubers and shoots, frequent rosetting, 
various apical growths, and distortion, excess tuberization, atKl 
inhibition of rest period. Under conditions of decreased exposure 
and intensity of light, basal, marginal, and interveinal yellowing 
becormes a constant feature of the disease. 

Progress in symptomatological expression is stopped abruptly 
when Insects are removed at intervals of 12, 16, and 26 days after 
feeding has commenced, indicating that the full expression of symp- 
toms of psyllid yellows results only when nymphs of Parairioza 
cockerelli are allowed to feed continiionsly on the tissues of the 
infested plant. A tendency toward recovery results when time of 
feeding in the greenhouse is less than 16 days. Recovery in the 
field has also been observed. ^ So far as is laiown, P. cockerelli is the 
only factor capable of ‘producing psyllid yellows in the potato and in 
related plants. 

Attempts to transmit psydlicl yellows from diseased to healthy 
plants have failed. Under Utah conditions the disease does not 
appear to be transmitted from diseased plants to the following 
generation through the tuber. 

The size, motility, prolific fecundity, longevity, and long ovipositioii 
period of the female are important factors in the rate of dissemination 
of the insect. These factors, when considered in connection with the 
apparent general distribution of the insect, proAude, in part, at least, 
an explanation of the sudden widespread epidemic of psAdlid vellows 
in 1927. 

In preliminary tests nj^mphs of Paratrioza cockerelli not 

separated from the infective principle by hatching eggs on health}^ 
potato leaA^es in Petri dishes. In fact, nymphs so hatched produce 
a more AUgoroLis sjmiptom response on healthy Irish Cobblers than 
psyllid nymphs of the same age grown on infected potato plants. 

The true nature of the infective principle injected into potato 
plants hj Paratrioza cockerelli present remains unlaiowii. Avail- 
able facts, however, question somewhat the Auriis theory of the disease 
and suggest the possible existence of some toxic substance Avhich is 
prodiiced in some way during the feeding process of the psyllid 
n3unphs. Additional facts wiU be necessai'y before iinal conclusions 
can be drawn as to the true etiology of psyllid yellows. 
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CHROMOSOMES IN GOSSYPIUM AND RELATED GENERA' 

By A. E. Longley^ 

Associate Botanist, Division of Genetics and Biophysics, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

An investigation of the chromosomes in the Alalvaceae, particu- 
larly in Gossypium, was undertaken because of the repeated failures 
of cotton breeders in their attempts to hybridize such cottons as 
Garo Hill (Gossypium cenmum Tod.) with any of the varieties of 
upland cotton {G. hirsulum L.). 

In 1923 a study was made of the chromosomes in a few repre- 
sentative species of Goss 3 ^pium growing in the greenhouses at Wash- 
ington, D. C. Among these were found some species with 13 and 
some with 26 as their haploid chromosome number. Neither number 
corresponded with that found earlier by Cannon (4 ) " or Balls (1). 
Simultaneously with two other investigators, Denham (5, 6*), of 
England, and Nikoljeva as reported by Zaitzev (IS, 16), oi Russia, 
the writer found that cultivated varieties of Gossypium fall into two 
classes, those with 13 chromosomes and those with 26 chromosomes. 
This classification corresponds with the taxonomic separation of Gos- 
sypium species into the Old World, or Asiatic, and the New World, 
or American, groups. 

MATERIAL AND METHODS 

The present investigation has been confined to pollen mother cells 
during the reduction phases. Young buds were selected and the 
stamiiial column removed and put at once into Bonin’s, Carnoy’s, or 
chromo-acetic (1:1:100) killing solution, embedded, sectioned, and 
stained. It was soon found that very satisfactory preparations of 
pollen mother cells in which the chromosomes were dividing could 
be made from fresh material stained in aceto-carmine fluid. This 
method was used whenever growing material was near enough to the 
laboratory for smear preparations to be made promptly after the 
young buds were picked. When this was impossible, the anthers 
were put immediately into killing fluid; later they were embedded or, 
if Carnoy’s killing reagent had been used, it was often possible to 
make aceto-carmine preparations that served for chromosome studies. 

CHROMOSOMES IN THE ASIATIC GROUP OP COTTONS 

The term ^Lisiatic cottons,” as now understood, designates a dis- 
tinct group of Gossypium species having the haploid chromosome 
number 13, characteristic of all cottons of Asiatic origin thus far 
examined. 


1 Beceived for publication May 25, 1932; issued March, 1933. 

- The writer acknowledges the helpful cooperation of the Divisions of Cotton, Rubber, and Other Tropi- 
cal Plants and of Egyptian Cotton Breeding, Bureau of Plant Industry. The .\siaticX American Fi plant 
used in this study was obtained from J. B. Norton and resulted from an accidental cross in the cotton- 
breeding nursery at Harts ville,S. C. 
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Table 1 shows the Gossypiiim species and varieties, most of whicli 
are endemic to the Oid World, in which various investigators have 
found the basic chromosome niiniber 13. 


Table L — Cottons (Gossypium spp.) in which the haploid chroniosonie number IS 
was found by various investigators 


Denham (B) 

Zaitzev (Jo, in) 

Banerji (Ji 

Longley 

G. arboreiuii ^'3 varie- 

' G. arboreiim. 

G. arboreuni (2 varie- 

G. arboreuni (C. B.« 620). 

ties). 1 

G. herbaceum. 

ties,). 

G. cernuum (C. B. 422). 

G. ceniiuim. 1 

G. indicum. 

G. cernuum. 

G. davidsoni (C. B. .101), 

G . indiemii (2 varieties) . ! 
G. neglectiim. 1 

G, obtusifolium. 

i 

i 

j 

G. herbaceum (10 varie- 
ties). 

G. indicum (5 varieties) . 

G. neglectum (9 varie- 
ties. 

G. obtusifolium (2 varie- 
ties. 

G, stocksi. 

G. harknessi (G. B. 862). 

G. herbaceum (C. B. 254-b). 
G. indicum (C. B. 430, 472, 
517, 726, 727, 743; S. P. !.<= 
12139, 12141, 12142, 12146, 
12149). 

G. intermedium Tod. (0. B. 
619). 

G. neglectum (C. B. 506). 

G, obtusifolium fC. B. 435). 
G. sturti (C. B. 564). 


'* C. B. refers to accession number of the Division of Cotton, Rubber, and Other Tropical Plants. 

'' Harland iS) reports 13 as the haploid chromosome number for this species. 

« S. P. 1. refers to serial designation number of the Division of Foreign Plant Introduction. 

Harland (3 ) reports 26 as the haploid chromosome number for this species. 

Pollen mother cells of Gossypiiim are large and are characterized b.y 
a dense granular zone in the cytoplasm just outside the nucleus. This 
zone has been noted by ail the earlier investigators of the Malvaceae 
and, according to Beal (d), it is of importance in the formation of 
spindle fiber. 

During the reduction phases the chromosomes appear iiniisually 
small in comparison with the large mother cell. They are frequently 
well separated, however, and stand out sharply m the comparatively 
clear nuclear region. Figure I, A to E, shows the chromosomes in a 
few representatives of the Asiatic group of Gossypium. A is a diald- 
iiesis from Gossypium herbaceim. The chromosomes at this stage 
show variations in shape and their bivalent nature is quite apparent. 
The two parts of one chromosome at the left have been separated by 
a slight pressure on the cell. In Figure 2, A and B, are two photo- 
micrographs of the first-division metaphase showing the chromosoines 
on the plate in G. eernmim, variety Garo Hill. Figure 1, B, shows 
an early first-division metaphase from G. indicum Lam. The chromo- 
somes are more compact than in Figure 1, A, and are approaching the 
plate stage. ^ Figure 1, C, shows a late first-division metaphase of 
(?. obt'iis§oliuni Roxb. Some of the chromosomes have divided, 
others have not. Figure 1, D, shows an early first-division telophase 
in G. indieiim. The two groups of 13 chromosomes were from different 
pimies and the drawing shows them approaching the two poles of the 
mitotic spindle. Figure 1, E, is a second-division metaphase of G. 
negkcium Tod., showing clearly the 13 chromosomes. 

There are three other cottons that have the same chromosome 
number as the Asiatic group: Gossypmm damdsorii Watt., of Lower 
CalifoiTiia and Sonora; ft of Lower Gahfornia; 

and G,.st'iirti F. v. M., of Australia. Harland (8) reports 13 as the 
ehroinosoine 11 umber for ft davidsotit, hut gives 26 as the number for 
G. Figure 3, A, shows a typical diakinesis of G. damdsoni. The 

number for GcMurii has been determined by the writer on two difl‘erent 
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imuRE l—Photomicrographs showing development of pollen in Gossypium (X 500): A and B, 
i irst division metaphase of G. cernuum (Garo Hill); C, first-division metaphase of G. hopi Lew- 
ton; D, first-division metaphase of Pi Asiatic X American hybrid; E, interkinesis of Pi Asiatic 
X American hybrid; P, second-division metaphase of Fi Asiatic X American hybrid; G, late 
telophase of Asiatic X American hybrid; H, irregular tetrad from Asiatic X American hybrid* I 
ancl_ L irregiilar tetrads frrai Fa Holdon X Pima (upland X Egj-ptian) hybrid; K, pollen from 
sea island (G. AaroacfmG; B, pollen from Acala (0. Mm) 
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occasions, and in the early phases of the first-reduction di\dsion seeins 
to be unquestionably 13. 

For Gossyiyiwm stocksi Mast., a wild species of northwestern India, 
Youngman and Pande (1 4) found the haploid number 13. This find- 
ing has been confirmed recently by Banerji (2). 

For Gossypium arboreum L. X G, negledum. and G. cerrummi X G, 
indicum, two hybrids between species of the Asiatic group, Den- 
ham (6) found the haploid number 13. He makes no reference to 
abnormalities in chromosome beha^dor. 

CHROMOSOMES IN THE AMERICAN GROUP OF COTTONS 

The American group of cottons is best represented by Gossypium 
hirsuium, typical of the Mexican subgroup, and by G. harhaiense 



L. and G, perufoianum Cav., typical of the South American subgroup. 
These subgroups apparently include all cottons endemic to North 
America and South America, except the wild species G, damdsoni and 
harknessij of Lower California, and G. klotzschianum Aiiderss.pot 
the Galapagos Islands. 

Table 2 shows the Gossypium species and yarieties of the Mexican 
and South Anierican subgroups in which yarious inyestigators haye 
found the chromosome number 26. 

A late diakinesis of Acala cotton {Gossypium. hirsutwm) is shown in 
Figxire 1, F; in Figure 1, G and H, are shown similar phases of two 
ciiltiyated forms of G, harhadense] Pima and sea island, respectiyely. 
In all three cases the 26 chromosomes are shown just before collecting 
on the plate. Figure 1, 1, shows a side view of the first-diyision nieta- 
,, 162217 — 33—3 : 
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phase plate from a cotton growing wild in Florida. By pressure on 
tlie cell the 26 chromosomes were spread out and separated in order 
t^o show their cliaraeteristie shapes just prior to division. In Figure 
2, C, is a photoinicrograph sliowing the chromosomes on the plate in 
G. ho pi. 


Table 2. — Collons (Gossi/piirni spi).) in V'hich the haploid chroviosovie number 
was fotmd hjj various invesligators 


Denhani f-L fe 

Zaitzev (In, It?) 

Banerji ( ?) 

Beal (?) 

Loiigley 

(1. barbadense flo 

G. barbadense. 

G. hirsiitum (3 

G. barbadense (2 

G. barbadense (C. 

varieties).® 

G-. hirsiituin (5 

G. brasiliense. 

G . fruticuiosum. 

varieties) , 

varieties). 

G . hirsiitum (3 

B. 331 ~c, 363, sea 
island and Pima). 

varieties). 

G. hirsutum. 

G, laneeolatum. 

G. mexicanum, 

(r, microcarpuin. i 

G. miLsteliarmm. j 

G. palmerii. 

G, lieruvianum. 

G. piinctatum. 

G. purpurascens. 

G. schotti. 

G. viti folium. 


varieties) . 

G. brasiliense (C. B. 
53,5). 

G. hirsiitum (Acala). 
G. hopi (2 varieties). 
G. punctatum (C. 
B. 437). 


« Balls (/) gives 28 as the chromosome number of this species. 


In a study of 26 American cottons no exception has been found to 
the characteristic haploid chi*omosoine number, 26. 

Cannon (If) was the first to investigate the chromosomes in Gossyp- 
ium. In his study of a hybrid between G. harbadense and G. hirsu- 
tum, representing a cross between two distinct American types, he 
found 20 as the haploid chromosome number. Figure 1, J, shows the 
chromosomes in a similar cross, between the varieties Tuxtla (G, 
hirsiitum) and sea island (G, barbadense). This hybrid had 26 as its 
haploid chromosome number, and shows no marked abnormalities in 
chromosome behavior. 

CHROMOSOMES IN A CROSS BETWEEN A PLANT OF THE ASIATIC 
GROUP AND ONE OF THE AMERICAN GROUP 

Kecenth’' Zaitzev (id, 16) and Desai (7) have described successful 
crosses made between plants of the Asiatic and American groups of 
cotton. Their attempts to hybridize plants of the Asiatic and Ameri- 
can groups gave a large percentage of failures, but a few Fi plants were 
obtained. The pollen of these plants proved to be sterile. An Asiatic 
X American plant studied by the writer produced abundant 
flowers, but like those of Zaitzev and Desai, has been perfectly sterile. 

Pollen mother tissue was sufficiently abundant in the anthers to 
make possible a detailed examination of the chromosomes during the 
reduction phases. Figure 4, C, shows a characteristic first-division 
metaphase with 14 bivalent and 11 univalent chroinosomes. The 
number of paired chromosomes was variable; only when they could 
be distinguished from the univalent chromosoines was it possible to 
get accurate counts. Figure 2, D, shows a photomicrograph of a 
typical firs t-divisioii spindle, with the bivalents on the plate and the 
univalents scattered on the spindle. 

In Figure 2, E, is a photomicrogra]di taken at interkinesis, showing 
two major nuclei and a minor nucleus. This photograph also gives a 
lair idea of the granular zone in the cytoplasm that surrounds the 
nuclei. 
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A view of the second-division metaphase in a pollen mother cell is 
shown in Figure 4, D. One plate has 20 full-sized chroinosoines and 2 
halA-es of a univalent chromosome that divided in the previous divi- 
sion. The other plate shows 17 large chromosomes and 2 halves of a 
divided iinivalent. _A much more irregular and more typical second- 
division metaphase is shown in Figure 4, E. Six spindles have been 
[(UTued. The chromosome number in each spindle varies froiii a 
single univalent to 13 univalents and 6 halves of divided univalents. 

Figure 2, F, shows a photomicrograph of a pollen mother cell witli 
two major spindles and a small spindle on the margin of the cell. 



Figure 2, G, shows the late telophase of a pollen mother cell just prior 
to cell division. 

Chromosome distribution during the reduction phases of the hybrid 
was general^ irregular and led to the production of abundant abnor- 
mal pollen tetrads and sterile pollen. 

Nakatomi (10) has recently described the cytological behavior of 
the chroinosoines during pollen formation in an American X Asiatic 
Fi hybrid. In this cross, although it differed in some details from 
the reciprocal cross described by the writer, Nakatoiiii foimd the 
pollen tetrads similar and the mature pollen variable in size and 
apparently sterile.. 
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CHROMOSOMES IN RELATED GENERA 

A stiich" was likewise made of the chromosomes in certain genera 
closely allied to Gossypiimi. 

For Thurberm thespesioides A. Gra^c^ the haploid chromosome num- 
ber proved to be 13, the same as that of the Old World species of 
Gossypiiiiii. Figure 3, D, shows a typical pollen mother cell from 
this species, in which 13 chromosomes show distinctly in the two 
metaphase plates. 

Shantsia garckeana Lewton, another plant related to Gossypium, 
was grown in the greenhouses at Washington, D. C., from seeds 
collected by H. L. Shantz in Central xVfrica. This species also has 13 
as its haploid chromosome number. Figure 3, B ynd C, shows the 
chromosomes of Shantzia during a late first-division metaphase in 
which 2 of the chromosomes have divided, and a first-division ana- 
phase in which 13 chromosomes are approaching each pole. 

For Sidalcea neomexica/na A. Gray, of the tribe Malveae, Tjebbes 
(12) found the haploid chromosome number 13, the basic chromosome 



number of the genera Gossypium, Thurberia, and Shantzia, of the 
tribe Hibiseeae. 

Figure 5, A to C, shows the chromosomes in three other representa- 
tives of the tribe Hibiseeae. Cienfugosia heteropfkylla (Vent.) Garcke, 
a species native to the southern part of the tlnited States, has 10 
bivalent chromosomes as shown in a first-division metaphase. 

(Fig. 5, A.) 

Figure 5, B and C, shows the chromosomes from pollen mother 
cells of two representative Hibiscus species, JJ. milMaris Cav. and JJ. 
palmtris L. Counts were unusually difficult to make. Although 19 
seemed to be the haploid chromosome number for both species, each 
figure shows a shadowy outline of what may be a twentieth chromo- 
some. ^ Yoimgman (id) studied the chromosomes of the species H. 
rosa^-sinensis L., H. iricuspes Banks, and H. tUiaceus L. He experi- 
enced considerable difficulty in making counts, but from his best 
preparations he gives the diploid chromosome numbers 72, 40, and 
48 for the three species, respectively. 

For Laratera tfmringiaca L. and"^Mafoa inoschata L., of the tribe 
Malveae, Svensson-Stenar (11) found the haploid chromosome niim- 
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her 20. He gives the haploid chromosome number of Malva pahnata 
Hedl as app'roximately 20 and that of M. pusilla Sm. as between 
20 and 30. These numbers are in harmony with the numbers found 
for Cienfugosia and Hibiscus of the tribe Hibisceae. The chromo- 
some number 21 for Malvastrwn capense Garcke, however, must be 
an aneiiploid representative if it belongs to any of the chromosome 
series already described for Malvaceae. 

POLLEN STERILITY 

In conjunction with chromosome studies and variations in the 
reduction phases of the pollen mother cell, the pollen tetrad often is 
of considerable interest. Normally there are four e(|ual-sized daugh- 
ter cells in the tetrad. A deviation in the size or number of daughter 
cells represents an abnormality. If there is a variation in the size of 
the cells it is generally attributed to an unequal distribution of the 
chroniosonies in either the first or second division. The presence of 
more than four cells shows not only that there has been an unecpial 
distribution of the chromosomes but also that some chromosomes 
have failed to be included in the 2-daughter nuclei of the first 
division or in the 4-daughter nuclei of the second division. These 
extruded chromosomes develop into micronuclei and small pollen 
grains. 

As a rule, cottons have only a small percentage of abnormal tetrads 
and the mature pollen looks uniform in size and shows only a very 
few sterile grains. In plants with a large percentage of sterile pollen 
a considerable number of tetrads were found to be abnormal. In a 
crinkly-leaf variant of the Pima variety {Gossypium harhadensef)yior 
example, 15 per cent of the tetrads were abnormal and approximately - 1 
50 per cent of the pollen sterile. Some off-ty^pe plants, however, 
showed little sterile pollen. One plant, although showing considerable 
sterile pollen, had apparently normal tetrads. Abnormalities in the 
tetrads of a plant show that the chromosome behavior during pollen / 
formation has been abnormal, and in such a plant there will be an| 
appreciable amoimt of pollen sterility. The presence of sterile pollen^ 
in a plant, however, does not always indicate abnormal chromosome 
distribution and abnormal tetrads, for in the rogue mentioned above 
and in occasional plants in F 2 progenies of Ac ala X Pima hybrids, 
considerable sterile pollen was found that could not be traced to 
abnormalities in the chromosome distribution at the time of pollen 
formation. 

SUMMARY AND CONCLUSIONS 

Recent studies of the chromosome numbers in Gossypiuin made by 
the writer and by other investigators show the existence of two dis- 
tinct groups, namely, the Asiatic group, in which the haploid chro- 
mosome number is 13, and the American group, in which the haploid 
cliromosome number is 26. The separation of Gossypium species into 
two groups based on cliromosome number corresponds with the general 
division of the species based on taxonomic characters. 

This classification applies to the cultivated cottons and does not 
take into accoimt certain wild species of Gossypium. Two of these, 
Gossypmm davidsoni and G. harJcnessij although indigenous to North 
America, have 13 chromosomes, the number characteristic of Old 
World cottons.. 
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it i- s‘u>i!Jina]’V to eorisider the diploid representatives of a group 
id' heing n^uro nearly related to the ancestral type than those 

fnrni- liaving liiaher chromosonie numbers. Five species, so^ isolated 
Hiat iliere lias been little opportunity for contamination with their 
rinse ivlatiees. may be considered as representing most nearly the 
aricestrai tyoe. These are Gossypium stocksi, G. sturti^ G. daMclsoni, 
a. hntknf><^sr and llturberia thespeswides. The last, although iisxudly 
cniisicleretl as a se])arate genus, is very nearly related to Gossypium. 
Ail these species grow in more or less isolated localities and hence max^ 
represent the primitive stocks from which the cultivated varieties of 
rotiiiii have arisen. The fact that they have only 13 chromosomes 
indicates that 13 was the haploid and 26 the diploid chromosome num- 
ber id the ancestors of our present-day cottons. 

The double cliromosome number found in the American cottons 
suggests a dii plication of the chromosomes of an ancestral type. 
Gytologically this has not been demonstrated. If Gossypium species 
liaving 26 ehroinosomes are true tetraploids, simple Alendelian ratios 
slioiild appear much less frecpiently in them than in the Asiatic group. 
Matsiiura (9) has brought together the studies on inheritance in 
Chossypiiim These sliow that about half of the characters studied 
in the American group segregate in a 3 : 1 ratio, while in the Asiatic 
group all but two characters studied are distributed in a 3:1 ratio. 
Such a method of comparison is not conclusive evidence of the dupli- 
cation of cliroinosoines in all species with 26 chromosomes, but it at 
least suggests that the American species of Gossypium are tetraploid. 

Alany of our American cottons have had ample opportunity to 
cross witli each other. It is possible that their high chromosome 
niimber has arisen through hybridization and that this new stock of 
vigorous hybrids has obliterated inany of the ancestral types. If 
American cottons are both polyploid and crypt hybrids, it is to be 
expected that tliey will show the same difficulties of taxonomic classi- 
iieation encountered in many polymorphic genera, in which intermedi- 
ate forms often bridge the gap between distinguishing specific 
characters. 

Of^he other genera of the Malvaceae investigated, only Thurberia 
and bhantzia were found to have chromosome numbers suggesting a 
close relationship to Gossypium. The numbers in other Malvaceae 
are, however, distinetive, and a critical study of representatives of 
other genera may lead to the discoverv of chromosome numbers 
i ndicating rela tionships. 
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THE VITAMIN A CONTENT OF ALFALFA AS AFFECTED 

by exposure to sunshine in the curing process^ 


Bv Margaret Cammack Smith, Nutrition Chemist, and Ian A. Briggs, Assistant 
Agronomist, Arizoria ArgicuUural Experiment Station 

INTRODUCTION 

Experiments in this laboratory have shown the value of alfalfa 
as a source of ^htamin A in animal rations composed largely of the 
sorghum grain Hegari (df. In 1925 Steenbock and his coworkers (fO) 
reported a loss in \dtamin A accompanying the bleaching of clover 
hay due to excessive exposure to sunlight. The association of \dtamin 
A with carotinoid pigment was pointed out at that time and since 
then considerable evidence showing the similarity in distribution of 
vitamin A and yellow or green coloring material has been aceumiilated 
(7,8,9,11). More recently Moore (1,2) has proved rather con- 
clusively that carotene in plants is converted into vitamin A in the 
animal body and perhaps can be considered the precursor of vitamin 
A as ergosterol is the precursor of vitamin D. The inferior vitamin 
A value of discolored, bleached alfalfa is therefore to be expected. 

It was the purpose of the work described in this paper to measure 
the comparative destructive effect of curing periods of different 
length on the Autamin A content of alfalfa produced in Arizona. 
Since this work was begun, Russell (d) has reported that machine- 
dried alfalfa contained about seven times as much vitamin A as that 
cured on the field in the usual manner in New Jersey. 

EXPERIMENTAL PROCEDURE 

PREPARATION OF THE ALFALFA 

The alfalfa used was produced on the Salt River Valley farm at 
Alesa, Ariz. It was of the Hairy Peruvian variety, and of the third 
cutting from a planting in its second crop year. The alfalfa was 
growing thriftily, the plants were about 22 inches high, and the stand 
was thick. The soil on which the crop was produced is classified as 
Maricopa silt loam and definitely is alkaline in reaction. 

The hay was cut with a mower at 11.15 a. m., June 24, 1929, that 
iised in the experiment all being cut within the space of a few minutes. 
Immediately after the hay w^as cut, portions were spread out on the 
surface of the swaths so that the individual stalks were separated and 
did not overlap. This was done to secure maximum exposure to the 
sun. The spreading was done by four men and approximately one 
hour was required for the work. Care was taken to use only the 
stalks from the portions of swath most exposed to the sunlight after 
the first few minutes. 

One sample was taken to a darkened curing house immediately 
after it was cut. All samples were placed on racks in this curing 
shed as soon as removed from the field and curing was completed in 
the shade in the absence of either sunlight or daylight. Windows 
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were that very little light reached the curing hay. 

\’eiui;!iti(iii \va.< provided so’ that the hay dried without spoilage or 

tin'll. 

The saiiiples of alfalfa were removed from tfie field as shown in 

T:ihk 1. 

Table L — 71me of removing alfalfa, cut ai 11 Jo a. ^4? 19719, and "period 

during which it remained in the field 


. . . V.-,, ^ Dtite and hour removed : Hours in Vn 

.-■jnipk'M..: fromthtfleid ; the field ' 

Date and hour removed 
from the field 

Hours in 
the field 

T Frr'-ifi *>4 1 1 1 pi : (1 '■ 4 ‘ i 

June 24, f) p III 

OH 

20H 

24H 

2. .hine 24, 2 !>. Ill- - ; 2^4 5 ...J 

’A Juno 24, 4 f» rn ii f> .-i 

June 25, S a. ni 

June 25, 12 in 





The day on wliieli the hay was cut and the following clay were 
idassed as “clear’' in the weather records. There was a slight haze 
the first of the two days which may have interfered with the inten- 
sity of the rays of the sun to some extent. The temperature was 
higher on the day the alfalfa was cut than on any other day of that 
year. A teniperatiire of 115® F. was recorded at noon of that day. 
The ineteoiv)lc)gical data for the two days are shown in Table 2. 


Tabij2 2. — Meier ological data for dags on which alfalfa samples were cut 


Day ' 

Air temperature 

Wind 

Evapora- 

tion 

Maxiimirn 

Minimum 

mo\'emeiit 

June 24 

Jime 25... - 

115 ^ 

; no 

®F. 

66 

7i 

1 Mites per 
; hour 
\ 20 

1 21 

Tneh 

0. 444 

I . 372 


Only the leaves of the alfalfa were used in the laboratory experi- 
mental work so as to insure more uniform samples. The leaves were 
carefully separated from the stems and petioles by hand, finely 
ground, and kept in covered glass jars in the laboratory until used. 

METHOD OF MEASUREMENT OF VITAMIN A CONTENT 

The method of measuring the \dtaniin A content of the different 
samples of alfalfa allowed to lie on the field for different periods of 
time is that developed by Sherman and Aluiisell (f5) and modified 
somewhat b}'' Sherman and B'urtis (.f). Albino rats taken . from 
SIiermaii''s .diet B at the time of weaning were placed on a vitamin-A- 
free ration composed of 67 per cent ■ cornstarch, 10 per cent dried 
VfU'ist, IS per cent alcohol-extracted casein, 4 per cent Osborne ancl 
Mendel’s salt iiiixture, and 1 per cent sodium eliloiide. Vitamin D 
.was provided by, the incorporatioii of 0.5 of irradiatecl. choles- 
terol ill each 1,000 g of diet. When .the store of \dtaniiii, A .present 
in they bodies of the rats .at weaning was exhausted, they 'were, placed 
in indiAudiial round metal cages with screen bottoms and given the 
basal diet and distilled water ad libitum. Weighed amounts of the 
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trrolinci alfalfa leaves to be tested were fed daily for an experiiiieiital 
period of eight weeks. Record was kept of the weekly weights and 
general condition of each animal. At least two representative animals 
from each litter were kept as negative controls. At the end of the test 
period the animals still surviving were chloroformed, autopsy observa- 
tions of such evidences of vitamin A deficiency as infection in glands 
at the base of the tongue, eyes, ears, sinuses, bladder, etc., were noted. 
These finchngs, in conjunction \dth the growth response to tlie 
alfalfa supplements, were used as criteria of the comparative amounts 
of \itaniin A in the difterent alfalfa samples fed. 

EXPERIMENTAL DATA AND DISCUSSION OF RESULTS 

The sunimarized results of measurement of the vitamin A values 
of samples of alfalfa which have been cured on the field for diflereiit 
lengths of time appear in Table 3. 

Table 3. — Summarized residfs of feeding alfalfa leaves, differenUy treated in the 
field, to albino rats as the sole source of vitamin A 






Aver- 1 





age 1 



Aver- 


gain j 

Sam- 1 

pie ! Field, treatment of alfalfa 
No. i 

Rats 

used 

age 

weight 
at end 
of fore- 

Alfalfa 

fed 

daily 

(-h) or ! 
loss (— ) 
of rats 
in S- 



period 


week 

test 

period 

1 




Nuin- 




j 

btr 

Grams 

Grams 

Grams 

1 i Removed as soon as cut 
j and cured in the dark.. 

• 

i 10 

125.0 

122. 0 
134. 7 

0.005 

.0075 

.01 

+22. 3 
+41.8 
+61. 7 


1 2 

122.6 

.005 

(“) 

2 ! Spread for 2’bi hours 

' s 

125.0 

.0075 

+ 19.0 


1 8 

130.2 

.01 

+36. 3 


f 2 

11S.0 

.005 ; 

-LS 

3 Spread for hours 

• 8 

123.6 

. 0075 

+ 17.0 

i 8 

127. 0 

,01 

+39.5 


1 2 

119.6 

.005 i 

+9.0 

4 Spread for 6?} hours 

■ 8 

122. 5 

.0075 ; 

+24. 1 
+35.0 


[ 8 i 

117.3 

.01 ’ 


( 4 1 

129.0 

.0075 

(«) 

^ 1 Spread for 20Fi hours 

- 

122. 0 
119.0 

. 01 
.02 

+2. 8 
+18.0 


1 6 

125.6 

.03 

+39.5 


{ 3 

124. 0 

.0075 

(“) 


8 

126.2 

.01 

(«) 

f) ! Spread for 24'?4 hours 

0 

126.0 

.02 

-9.2 

6 

119.3 

.03 

+ 17.0 


1 2 i 

131. 2 

.05 

+49.0 


1 2 

100.0 

1.02 

! ,(“) 

7 j On field in swath for 1 

I 4 

107.0 

.05 

(«) 

! week 

1 0 

106.0 

. 1 

-8.0 


1 6 

112. 0 

. 2 

+30. 2 

S ! Negative controls _ 

25 

122. 6 

! 

o"“ 

(“) 1 

! 1 



Died before end of test period. 


Health and autopsj' observations 


Slight infection in 2 cases. 

No symptoms of vitamin A deficiency. 
Do. 

Severe infections in all cases. 

Some infection in 3 cases. 

No symptoms of \itamin A deficiency. 
Severe infections in all cases. 

Some infection in 4 cases. 

No symptoms of vitamin A defieieney. 
Severe infections in both eases. 

Slight infections in 3 c‘tises. 

No symptoms of vitamin A deficiency. 
Severe infections in all cases. 

Severe infections in 6 eases. 

Severe infections in 4 cases. 

No symptoms of vitamin A deficiency. 
Severe infections in all cases. 


Some infections in all eases. 

No symptoms of vitamin A defieieney. 
Severe infections in all cases. 


No symptoms of vitamin A defieieney. 
Severe infect ions in all cases. 


Alfalfa which was removed from the field as soon as cut and dried 
in a darkened house is seen to be a very excellent source of vitamin A, 
Five milligrams of these alfalfa leaves fed daily were sufficient to 
induce only slightly less gain than 3 g a w^eek during the 8--week test 
period, which is Sherman's vitamin A unit gain. A gain of 41.8 g 
and 61.7 g in the test period, or of approximately 5 and 8_g per week, 
resulted from the daily feeding of 7.5 and 10 mg, respectively, of the 
alfalfa leaves prepared in the same fashion. 
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Wnnu I'lowever, tlie alfalfa was spread out in^the field for^ periods 
iU leiiifth ironi 2/4 to 6/4 hours 5 lug of the leaA^es failed to 
provitie enough Titamiu A to perimt even the low rate of gain of 3 g a 
weelv. The aiiinials dependent upon these samples of alfalfa fed at 
this low level for their vitamin A were not protected against the 
severe infections characteristic of vitamin A deficiency. All of the 
a nil rials in this group showed signs of ophthalmia varying in degree 
from - to + before death, and autopsies revealed infection 
in !^laiids at the base of the tongue, ears, and sinuses. Increasing, 
the fiiiaiitity of alfalfa fed to 7.5 mg daily provided sufficient yitamin 
A to induce slightly less than the unit rate of gain (17--24 g in eight 
weeks;. Only ^slight infections of eyes and sinuses were observed in 
ihes.e groups aninials. Again when the quantity of these three 
samples of alfalfa fed daily was further increased to 10 mg, not only 
was an average gain of from 35 to 39.5 g promoted in the three groups 
of animals, but all of the animals were free from the infections usually 
accompanying a marked \dtamin A deficiency. 

None of these samples of alfalfa had suffered loss of green color 
indicative of bleacliing, and observable to the naked eye, as a result 
of their exposures on the field. In spite of this fact it is obvious that 
some destruction of \itamin A did result during this period, because 
it required the dail}" feeding of from one-fourth to one-half as much 
again to induce the same rate of gain in the test animals as was 
obtained by the feeding of the alfalfa cured in the dark. These 
alfalfa leaves which were exposed to the sun over the noon hour, 
2?:^ hours, therefore, contained from 20 to 33 per cent less vitamin A 
than those which had been removed from the field immediately after 
ciitting and cured in the dark. However, no significant difference in 
vitamin A content resulting from 2%‘, 4 %, and 6^4 hours of exposure 
was detected in these experiments. 

When the alfalfa was allowed to lie on the field overnight, 11.15 
a. III. one day until 8 a. m. the next, or a period of 20K hours, a decidedly 
greater degree of vitamin A destruction, again basing the comparison 
on the vitamin A content of the cured in the dark sample, was 
observed. In this case, even 10 mg daily failed to induce gains or 
protect the test animals from infections attributable to vitamin A 
cleficiencix Twenty milligrams of the material was necessaiy approx- 
imately to produce the vitamin A unit gain in weight, and 30 mg were 
necessary to induce a growth of 39.5 g in the experimental period. 
These results are indicative of approximately 75 per cent destruction 
as lyresiilt.of this period of exposure. 

Alith an additional four hours of exposure to morning sunshine on 
the second day, the destruction was even greater. Roughly only 16 
per cent of the vitamin A present in the sample cured in the'^dark was 
retained in the alfalfa dried in the dark after being spread out in the 
field for 24% hours. That both the 20?-^-hour and the'245^-hour samples 
had suffered some bleaching was readily observed, especially in the 
stems. .. . A , 

The rate of destruction is more rapid at first and then decreases as 
the time of exposure is extended. Alfalfa exposed in the sw^ath for 
one week, during which time it received 57 hours of sunshine and 0.37 
inch of rain, was severely bleached and retained only approximately 
4 per cent of the vitamin A found in the sample cured in the dark. 
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These experiments supply further esvidence that the conditions of 
the curing process bear a marked relation to the vitamin A content of 
alfalfa hay. In order to retain maximum vitamin A potency and thus 
best to preserve its nutritional value, it is evident that exposure to 
Arizona sunshine should be reduced to a minimum, and the alfalfa 
cured as quickly as possible to inhibit destructive oxidative or enzy- 
matic changes. 

SUMMARY 

The vitamin A value of alfalfa leaves which have been allowed to 
lie spread out in the field for varying lengths of time has been com- 
pared with the vitamin A content of alfalfa leaves taken from the 
field immediately upon cutting and dried in a well-ventilated darkened 
house. 

A loss of from 20 to 33 per cent of the vitamin A found in the sample 
cured in the dark resulted from allowing the alfalfa to lie carefully 
spread out on the field for the 2%-hour period from 11.15 a. m. to 2 
p. m. No greater degree of destruction was observed when the time 
of exposure was increased to 6% hours in the same day. No loss of 
green color in these alfalfa leaves could be observed. 

xi 75 per cent loss of vitamin A occurred when the alfalfa was allowed 
to lie on the field under the same conditions overnight, and until 
8 a. m. the next day. This loss was increased to approximately 84 
per cent upon a further 4-hoiir period of exposure until 12 noon the 
second da}^ These alfalfa leaves retained a large part of their green 
color, although the stems showed evidence of marked bleaching, but 
only 16 per cent of the vitamin A present in the sample cured in the 
dark was retained. 

Alfalfa severely bleached as a result of 1-week exposure to sun and 
rain on the field in the swath retained but 4 per cent of the vitamin A 
present in the sample cured in the dark. 
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THE ANTIRACHITIC VALUE OF ALFALFA AS AFFECTED 
BY EXPOSURE TO SUNSHINE IN THE CURING 
PROCESS ‘ 

By Margaret Cammack Smith, NiUritwn Chemist, and Ian A. Briggs, Assistant 
Agronomul, Arizona Agricultural Experiment Stalion 


INTRODUCTION 

Alfalfa, a roughage widel}^ used in animal rations, is now valued 
for its vitamin A content and calcifying properties. 

The antirachitic properties of hays were first demonstrated to be 
related to their exposure to sunshine by Steenbock et ah in 1925 
(7).- They showed that clover hay when made in the sunliglit pos- 
sessed calcifying properties which hay cured in the dark did not have. 
As Arizona receives a high percentage of the total possible sunsliine 
all the year round, it seemed desiraWe to investigate the vitamin D 
content of Arizona-grown alfalfa, and to study the relation between 
curing periods of different lengths, under field conditions, and the 
calcifying properties of the hay. 

Since this work was begun, Russell ( 4 ) of the New Jersey Agricul- 
tiiral Experiment Station has reported that artificially cured alfalfa 
leaves contained only small quantities of the antirachitic vitamin, but 
when alfalfa was dried in the sun without exposure to dew or rain 
there was an increase in the antirachitic potency of the leaves. This 
is in agreement with the findings of Steenbock and his coworkers. 

EXPERIMENTAL PROCEDURE 

MATERIALS USED 

The alfalfa used in this study was prepared as described in detail in 
a previous paper (J). It was originally planned to measure the anti- 
raciiitic value of all the samples used in the vitamin A studjB but the 
early results obtained did not justify such an intensive study from the 
practical standpoint. Accordingly results reported in tliis paper deal 
with only three samples of alfalfa. 

Sample No. 1 was taken from the field as soon as cut, 11.15 a. m., 
Julj S, 1930, and cured in a dark well-ventilated room. 

Sample No. 2 was spread out by hand and allowed to lie on the field 
from 11.15 a. m. one day (July 8) to 12 noon the next day, during 
which time it received 15 hours and 15 minutes of exposure to sun- 
shine of varying intensity. 

Sample No. 3 was allowed to lie on the field in the swath for one 
week. The maximum temperature during this period ranged from 
93*^ to 104° F., the minimum temperature from 67° to 79°. During 
this 1-week period the sun shone 57.3 hours, but the alfalfa received 
only 42 per cent of the possible sunsliine, for several of the days were 
cloudy and there was 0.37 inch of rainfall. 

I Remted for piiblication Xlay 17, 1932: issued Xlarch, 1933. 
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III, order to insure imifomiity of sampling only the leaves of the 
alfalfa were used, as was the case in the previous experiments. The 
leaves were carefully separated from the stems by hand and finely 

groimd. 

measurement of the antirachitic potency 

The rickets curative method, essentially that suggested by the 
work of JvIcColluni (S) and his coworkers, was used to measure the 
comparative antirachitic value of alfalfa samples cured for different 
lengths of time. Albino rats weighing from 55 to 64 g^ were taken 
from the stock colony at the time of weaning and were placed upon 
Steenboek's \ fJ) high calcium-low phosphorus rachitic ration No. 6529, 
coinposed of 76 per cent ground yellow corn, 20 per cent wheat 
gluten, 3 per cent calcium carbonate, and 1 per cent sodium chloride. 

The rats, when kept in the dark, regularly become rachitic on this 
ration in 21 days, as evidenced by their enlarged joints and rachitic 
gaits. At this tiiiie a Shipley (S)'^‘dme test” on the proximal end of 
the tibia of a representative animal of each litter showed a wide 
metaphysis typical of severe rickets. 

The remaining rats in each litter w^ere then placed in individual 
metal cages with raised screen bottoms and given distilled water ad 
libitum. " As some difficulty wuis encountered in getting the rats to 
eat quantitatively the ground alfalfa wiien fed separately, it was 
ineorporated in the ration at a level of 5 and 25 per cent, replacing 
equivalent amounts of yellow^ corn. That the high calcinm-low" phos- 
phorus ratio was not seriously disturbed w^as showm by analyses of 
the resulting rations showing a Ca and P ratio varying from 3.7 to 1 
in diet 2965 to 4.7 to 1 in an exqierimental ration containing 25 per 
cent groimd dried alfalfa leaves, 

A record wms kept of the food intake and daily gains in weight of 
each rat during the experimental test periods, and those animals 
refusing food and not gaining in weight w^ere discarded. Several 
representative rats from each litter w'-ere kept upon the unsupple- 
mented rickets-prodiicing ration No. 2965 as negative controls, one 
control always being retained until the last rat in each litter had been 
chloroformed, its tibia dissected free from flesh and tested for rachitic 
lesions by means of the line test. If evidence of the so-called spon- 
taneous healing of the rachitic lesions of the control animals wns 
obtained, its litter mates w^ere discarded. In the early fall some 
difSciilty was experienced in the production of rickets in the usual 
21-day period and at the same time, unexplainable cures of rickets in 
the control animals on the basal radii tic rations occurred. The 
recent fiiidings of Harris and Bunker (<^) that freshly ground corn has 
antirachitic properties wdiich are destroyed during "^the aging process 
satisfacd^^^^ the difficulties encountered, for at the time a 

supply of the new crop of yellow' corn wuis being used in the ration. 

Degree of healing of the rachitic lesions wuis graded one to four 
positive (+ to -f 4- + 4~) according to the method of Bills et al. (7), 
Table 1 shows the results of feeding to rachitic animals dried ground 
alfalfa leaves taken from the field as soon as cut and cured in the 
dark. 


3 g is fhe alitireviation for gram or grams. 
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T.-ible 1. — Summarized results of feeding various quantities of alfalfa leaves, cured 
in the darky to rachitic rats 


[The line-test findings denoted no healing in any case] 


Percentage of alfalfa in the ration 


Rats nsed^ 


Length | 
of test ’ 
period | 

i Average : 
: gain in i 
j weight 
in test 
period 

Average 

daily 

food 

intake 

Daijs 

Grams 

Grams 

5 

4.0 

7.0 

7 : 

7.0 i 

6.4 

14 1 

12.5 1 

6.4 

21 1 

18.0 i 

6. 4 

2S ! 

18. 0 1 

8.5 

7 

5.0 j 

7.3 

5 

4. 0 ! 

6.8 

7 , 

6. 3 ! 

8.2 

. 14 

1 ■ 15.5 1 

8.11 

21 1 

i 21.7 1 

9.0 


5 


15 

25 


Number 

f ^ 

[ f 


Ob\aously the alfalfa leaves that were taken from the field imme- 
diately upon cutting and cured in the dark contained no appreciable 
amounts of the antirachitic vitamin, if any at all. Inclusion in the 
basal ration of as much as 25 per cent ground alfalfa leaves did not 
heal the rachitic lesions of the test animals even when fed over a 
period of three weeks. In no case did a line at the zone of provi- 
sional calcification appear when these alfalfa leaves were included in 
the ration. 

As a further test of the absence of vitamin D in alfalfa which had 
not been exposed to sunlight, 18 rats representing three Utters were 
selected at the time of weaning, half of them placed upon Steenbock^s 
rachitic ration No. 2965, and the other half, under similar conditions, 
on the same ration in which 25 per cent ground dried cured in dark 
alfalfa leaves had replaced an equivalent weight of the yellow corn. 
At the end of 21 days the animals were killed and a line test was 
made upon the left tibia of each animal. Kickets of equal degree of 
severity was observed in all of the animals both on diet 2965 and the 
alfalfa ration, thus shoving that 25 per cent alfalfa leaves in the 
ration neither prevented the development of rickets nor cured rachitic 
lesions that had already developed. In this manner further evidence 
of the low antirachitic potency of the alfalfa, when imexposed to 
sunlight, was obtained. 


Table 2. — Summarized results of feeding mrious quantities of alfalfa leaveSy cured 
for ^4% hours on the fieldj to rachitic rats 


Percentage 
of alfalfa 
in the 
ration 

Rats 

used 

Length 1 
of test 
period 

Average 
gain in 
weight 

Average 

daily 

food 

intake 

Line- test findings 


Number 

1 1 

1 i 

Days 

5 

7 

14 

21 

28 

5 

10 

14 

Grams 
4.5 
8.0 
i 13. 8 

: 17.0 

! ■ 32. 7 

i 4.0 

1 2.0 

9. 0 
11.7 

Grams 

5.0 

1 6. 0 
7.8 
8.2 
9.5 
6. 2 
6. 7 

; No healing in any case, 
j Do. 

1 No healing in 5 cases, -f healing in 2 cases. 

No healing in 5 cases, d-f healing in 2 cases. 

No healing in any case. 

No healing in 8 cases, +- f- healing in 2 cases. 

No healing in 6 cases, d-f healing in 1 case, 
d-d- healing in both cases. 

-j— 1“ healing in 2 cases, d-d—f healing in 5 cases, 
-hd- d-d- healing in 5 cases. 

25. ..... 


8. 3 


162217— S3— 4 
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Folio the same procedure , measurement was made of the 
antirachitic value of alfalfa sample No. 2 which had remained on the 
IFiti from il.lo a. m. one day until 12 noon the next day, a period 
of 24h hours, before being gathered. 

The re.si]its are presented in Table 2. 

From Table 2 it is clear that alfalfa which has been cured on the 
tiehl for 24 h hours in Arizona possesses calcifying properties that 
alfalfa cured without exposure to sun does not have. Even under 
these coiiditioiis the synthesis of the antirachitic vitamin has not 
been great, for the incliision of 5 per cent of this alfalfa in the ration 
resulted in no healing of the rachitic lesions of rats in the majority of 
cases tested, and in but slight healing in 4 out of 27 cases. Again, it 
was found possible to produce rickets in rats that had been fed from 
the time of Aveaiiing upon the rickets-producing ration in which 5 per 
cent of the 24'h-hour-exposiire alfalfa leaves were substituted for an 
equal weight of yellow corn. "i\Tien these animals Avere kept in the 
dark, rickets of a degree only slightly less severe than that of the 
control animals on diet 2965 detmloped in the 21-day test period. 
That the ealcifving properties of the alfalfa had been increased, how- 
ever, by alloAving it to lie on the field for 24% hours, was made evident 
by the inclusion of 25 per cent of the leaves in the basal ration. At 
this higlier level of feeding healing Avas practically complete in a test 
period of tAvo Aveeks, although it Avas not regularh" obtained in the 
5-day test period advocated by Bills (7). 

Results of feeding to rachitic rats alfalfa sample No. 3 Avhich had 
l)een allowed to lie in the SAvath for a Aveek appear in Table 3. 


Table 3. — Summarized results of feeding vaj'ious quaniUies of alfalfa leaves, cured 
for one week on the field, to rachitic rats 


.I'^ercentage 
of alfalfa 
in iht‘ 
ration 

Hals 

n.'Cil 

LerikUli' 
ttf lest 

1 

A\ erage ! 
train in j 
weight i 

i Average 
i . daily ! 
I food i 
' intake | 

1 Line-test findings 


\ Xu Hi’ If r 

Oap ; 

Grains \ 

Grams 


. ■ J 

i: ^ 

i 3 ! 

i.O i 

i K.O ’ 

-f + healing in all cases. 



5 ' 

4. 0 i 

7.4 

1 healing in 2 cases, healing in 5 cases. 

i 

'2 

2 1 

5. S i 
1..5 

7.0 

j -rW-t' healing in all cases, 
i + healing in 1 ease, no healing in 1 case. 


i ; 

3 ; 

4.0 

8.0 1 
G.2 ; 

4-++ healing in ^2 cases, 4 - 4 - 44 - healing in 1 case. 


: ,,il' 

5 i 

G. 0 

4-4-4'4' healing In G cases, •4-1-4- healing in :i case. 


' ; 

G. 5 

G.4 ! 

++ 4 - 4 - healing in all cases. 


The longer period of exposure in the curing process of the alfalfa 
resulted in marked increase in its calcifying properties. Siifficient 
vitamin D had been sjmthesized to induce complete calcification of 
the rachitic bones, in the majority of the rats tested, in a period of 
live days when the alfalfa leaves fed were at the low level of 5 per cent. 

DISCUSSION 

Further evidence that the antirachitic potency of alfalfa hay is 

dir:ec‘tly rela:t:ed to the duration of’ its .exposure to sunlight is pre- 
sented by the data tabulated aboA^e, The conditions of the curim>‘ 
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process are therefore of considerable importance, for increasing the 
ealcif3dng properties of alfalfa enhances its feeding value. 

Samples of alfalfa which had been cured for shorter periods than 
24 hours were not tested for vitamin D as at first planned for S5mthe- 
sis of vitainin D in the 24-hoiir curing period was not of such a high 
degree to make it seem worth while to test alfalfa which had even 
less opportunity for this synthesis. 

In spite of the fact that allowing alfalfa to lie on the field after 
cutting undoubtedly increases its calcifying properties in proportion 
to the length of exposure to sunshine, this does not seem a justifiable 
procedure from the practical standpoint. In a previous paper (o) 
it has been shown that destruction of vitainin A increases very 
greatly as the time of exposure is prolonged. The alfalfa allowed 
to lie on the field under the conditions of this experiment showed 
some increase in its antirachitic potency, but there was an accom- 
panwng destruction of practically 84 per cent of the vitamin A 
content, although bleaching of the green color was not excessive. 
When synthesis of vitamin D was great, as in the first week of 
exposure, the alfalfa was severely bleached and comparatively devoid 
of vitamin A. 

The curing of alfalfa in Arizona can perhaps be considered more 
of a dehydration than a maturing process. It is the usual custom 
of the farmers in this State to collect the alfalfa in windrows after 
it has wilted (several hours), and bale it from two to five days after 
cutting. The alfalfa as marketed, therefore, has in most cases been 
exposed to the direct sun’s rays less than the alfalfa under test which 
was carefulW spread out hy hand and allowed to lie on the field 
from 11.15 a. m. one day until 12 noon the next da}^. 

Increased exposure of alfalfa to sunlight for the purpose of 
enhancing its calcifjfing properties apparently is not a procedure to 
be recommended because of the accompan^nng marked destruction 
of vitamin A, as well as possible weather damage, loss of leaves, and 
other disadvantages. 

CONCLUSIONS 

The data presented in this paper give additional ewdence that 
alfalfa cured in the dark is deficient in antirachitic potency and that 
s\mthesis of wtamin D occurs when the alfalfa is exposed to sun- 
light in the curing process. 

In the experiments described, prolonged feeding of the alfalfa 
cured in the dark resulted in no alle'^dation of the induced rachitic 
conditioii of the experimental rats. 

Alfalfa that had been carefulh' spread out on the field from 11.15 
a. m., one day to 12 noon the next, during which time the sun shone 
for 15 hours and 5 ininiites, possessed mild calcifying powers. 

Alfalfa which had been allowed to lie in the swath for one week, 
during which time the sun shone 57.3 hours and 0.37 inch of rain 
fell, was found to be highly antirachitic. 

The practicability of increasing the vitamin D content of alfalfa 
and hence its feeding value by prolongations of its expovsure to 
sunlight in Arizona is discussed, but such procedure is not recom- 
mended because of serious detriment to the hay. 
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INFECTION OF CORN PLANTS BY PHYSODERMA ZEAE- 

MAYDIS SHAW ^ 


By A. H. Eddins 

Associate Plant Pathologist, Florida Agricultural Experiment Station 

INTRODUCTION 

Brown spot has been reported as causing losses estimated at 5 to 10 
per cent of the corn crop in certain sections in the South Atlantic 
and Gulf Coast States;^ in the vicinity of Gainesville, Fla., the damage 
is estimated at 5 per cent. This disease, which is caused by the 
fungus, Physodenna 2eaefnaydis Shaw,*^ attacks the leaves, leaf 
sheaths, stalks, and occasionally the outer husks of ears of the corn 
plant. Tisdale ^ has given most of the information available on the 
nature, distribution, and economic importance of brovm spot and the 
life cycle of the causal organism. 

Since brovm spot is one of the most important diseases of corn in 
the South, experiments were begun at Gaines\ille, Fla., in 1929 to 
obtain further information on the disease and to establish methods 
of procedure by which the relative susceptibility of varieties and 
pure lines of corn may be tested, preliminary to a study of the possi- 
bility of controlling this disease by developing resistant inbred lines 
which could be combined into synthetic varieties. This work has 
been in progress three years, and^ information has been obtained on 
(1) some of the outstanding characteristics of the disease, (2) an 
effective method of inoculating plants in the field and greenhouse to 
produce epidemic conditions, (3) longevity of the fungus and time 
required for the production of sporangia in host tissue, (4) influence 
of certain factors on the rate of infection, and (5) comparative 
susceptibility of certain commercial varieties and inbred lines to the 
disease. 

HOSTS 

Thirty-eight southern varieties of Zea 7nays var. indentata Sturt, 
(dent corn) and Z. mays var. indumta Sturt, (flint corn) grown in test 
plots proved to be susceptible to brown spot, and infection experi- 
ments also showed that Z. mays var. sacchamta Sturt, (sweet corn), 
Z. mays var. everta Sturt, (pop corn), Z. mays var. umylacea Sturt, 
(flour corn), and Z. mays var. tunicata Sturt, (pod corn) are also 
susceptible to the disease. The fungus is a common parasite in the 
leaves of Euchlaena mexicana ShmA. (teosinte). Other plants that 
were artificially inoculated but failed to show brown-spot infection 
were: Tripsamm dadyloides L. (gama grass), and Coix laxhryma^obi 
L. (Jobs-tears) near relatives of the corn plant ; and Holcus sorgMm 
Laym. saccharatus (L.) L. H. Bailey (sorgo), H,. sorgkmn. hrYiit.: 

^ Received for publication Apr. 20, 1932; issued March, 

^ Thanks are due F. H. Hull and J . D, Warner, assistant agronomists of the Florida Agrieultural Experi- 
ment Station, for access to their experimental plots for the purpose of making observations. 

Tisdale, W. H. . physoderma disease of cob'n., ■ Jour. Agr.' Research 16 : 137-154, illus., 1919. , 

^ Sydow, H., Sydow, P., and Butler, E. J. ■ fungi indiae orientalis. Ann. MycoL 10 : 243-280, 
illus, im, 

® Tisdale, W. H. Op. cit. 
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h A ls.-'irp. and Wern.) L. H. Bailey (broomcom) , Penniseturn. 

funi.J'h un. Kieii fpearl iiiiilctj, Pamcum miliac&wm L, (broomcorn 
in'iKet , Chndochloa magna (Griseb.) Scribn. (Eyergiade millet), C. 

rij-h'iis I^., Srribii. (a'reeii foxtail jj C. lutescens CWeigelj Stuiitz (yellow 
inxhiii a Oil SiitrJiiirKi/i oifictnaruinlj. (sugarcane). 

SYMPTOMS 

Since Tisdale has described the manner of infection and symptoms 
of brown spot, only the outstanding characteristics of the disease are 
mentioned in this paper. Brown spot is most often located on the 
plant I'larts below' the ear or even betw^^n the fourth node and the 
iii'oiiiid . Ill the most severe cases of inlection, all or almost all the 
leaf blades and sheaths on a stalk become diseased and die prema- 
turely, resulting in a w'eakened plant which bears only a small ear 
or none. iFigri.) Leaf sheaths near the base of the plant are the 
most coniiiioii points of infection, and the culm in this region is 
sometiiiies imuided, causing the plant to break, particulaiiy if the 
disease has girdled it. (Fig. 2.) Leaf-blade infection occurs in four 
forms: (1) As alternating " bands of diseased and healthy tissue 
i fig. 3, A j: (2) as a chlorosis of the tips and in some cases all or a 
major portion of the entire blade, in w'hich the infected areas are 
filled with small brown spots containing sporangia (fig. 3, B); (3) as 
brown areas at the junction of leaf blade and sheath sometimes 
extending up the midrib of the leaf and down into the sheath, wdiich 
may become so severely diseased that the water and food supply is 
cut off, resulting in the wilting and premature death of the leaf 
(fig. 3, C) ; and (4) as small brown spots coalesced or scattered in the 
iiiidiib of the leaf blade. All these forms of leaf infection may 
appear in one leaf or in different leaves of the same plant. The 
outer husks of ears are rarely infected, but the husks of rudimentary 
ears which have failed to emerge from the protecting leaf sheath are 
frequently diseased . 

INOCULATION EXPERIMENTS 

Tisdale obtained infection of corn plants by spraying a water sus- 
pension of sporangia oiPhymderma 2 eae^m(iydishe\m^ the leaf sheaths 
and into the buds, under certain environmental conditions. In testing 
the reaction of varieties and inbred lines of corn to brown spot, it is 
essential that they be exposed to the parasite under favorable condi- 
tioiis lor infeetioii to occur. Accordingly, inoculation experiments 
were conducted in the greenhouse in the winter of 1929-30 and in the 
field in 1930 to find a convenient and effective method of inoculating 
large, iinnibers of plants. 

IN THE GREENHOUSE 

Gorii plantswvere grown in 6-iiich flow^erpots in a greenhouse where 
the mean daily range in temperature was 68.5° to 96.6° F. and the 
mean daily range, in reiative Limiidity. was 42.4 to 86.9 per cent. 
Equal numbers of plants 2 to 3 feet in height, of each of 10 selfed lines, 
wmieh had been inbred from tw^o to three generations, w^ere inoculated 
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Figure L— A Healthy plant bearing a normal-size ear; B, brown-spot-infected plant bearing no ear 

the growing point became infected, while 32.2 per cent of a like 
number of plants became infected when the inociihmi was poured into 
the upper whorl of leaves. 

Sponrangia suspended in water served as a better inoculum than dry 
sporangia. Of 40 plants inoculated with a sporangial suspension 23 
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developed brown spot, while only 7 of 40 plants developed the disease 
when dr}" sporangia were used. Apparently the dry sporangia failed 
to come in contact with the water in many plants, and thus failed to 
geriiiiiiate and invade the host, whereas sporangia suspended in water 
not only had a more favorable environnient for germination but were 
brought into closer contact with susceptible host tissues by the water 
of the inoculum moving downward in the crevices between the leaves 
of the plant. 

Other experiments were conducted in which corn kernels and. soil 
were inoculated by the follovdng methods: (1) Dusting sporangia on 
the kernels; (2) plunging the kernels into a water suspension of spo- 
rangia; (3) niixiiig sporangia with the top 2 inches of soil; (4) dust- 
ing sporangia on the surface of the soil; and (5) filling the upper whorl 
of leaves of plants, 2 to 3 feet in height, with a water suspension of 
sporangia. Forty plants were used in testing each method of inocu- 
lation, and notes were taken on infection seven weeks after planting. 



Figche 2.— Brown spot infection on sheath (A) and culm (B) of a corn plant 


Twentj-tliree of the 40 plants inoculated by the fifth method devel- 
oped brown spot, thus showing that the strain of corn used was sus- 
ceptible to the disease and that the conditions maintained in the 
greenhouse were favorable for its development. No infection resulted 
when the other four methods of inoculation vi^ere used, although one 
plant growing in a pot in which the sporangia were dusted on the 
surface of the soil became infected. It is quite probable that infection 
in this case resulted either from sporangia that were splashed into 
the bud_ or sheath water of the plant when it was watered or from 
sporangia transported by air currents or insects from the surface of the 
inocxilated soil to the plant. 

It is reasonable to assume that xmder field conditions a much higher 
rate of infection would result if plants were grown in soil as heavily 
charged with sporangia as was the soil in which the plants w'ere grown 
in the greenhouse. Soil in the field is stirred by frequent cul tivation, 
and the top layer at times becomes very dry so that the wind can pick 
up fine soil particles to which sporangia adhere and deposit them on 



Feb. 1, 1933 


Injection of Corn Plants by Physoderma zeae-maydis 245 



~r'- 




Fk'iure 3.~Three forms of brown-spot infection of corn leaves: A, Leaf with alternating bands of 
diseased and healthy tissues; B, leaf with chlorotic areas near tip; U, leaf with brown areas near 
junction of blade and sheath 
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the plroit. In the greenhouse the surface of the soil in the pots^was 
Tiot disturbed, and since it w'as watered daily, probably many of the 
>jH8]‘aniiia were washed downward. The surface remained moist most 
of the time, and there was little movement of the air above the benches 

rnnvdeci with growing plants. 


IN THE FIELD 

CVirn plants 2 to SI. feet in height were inoculated with a water siis- 
pen^inn (d* sporangia in the season of 1930 by three methods, as fol- 
lows: i 1 ) The upper whorl of leaves of each plant was filled to over- 
flowing with inoeiiliim from a quart-size pressure sprayer; (2) inoc- 
ium was sprayed on the stalks of the plants from the top to the bot- 
tcaii: and (3 j* 5 e e of inoculnrn was injected into the stalks of the 
plants at or near their growing points with a hypodermic syringe. At 
the end of 50 days tlu^ highest percentage of browm spot appeared in 
plants which had had themipper whorl of leaves filled with inoculum. 
’Table 1,) 

The injection method gave the highest rate of infection in the green- 
house, and the probable explanation for its being less effective than 
other methods in the field is that the injections were not made at the 
right point in the stalks of the plants. In the greenhouse the plants 
were very uniform in size, and, since they were grown in pots, the}" 
could be liaiidled easily, thus enabling tlie operator to locate fairly 
readily the growing points and make the injection. In the field the 
plants varied in size, and, since they could not be moved about, it 
was difficult to find the growing points and inject the inoculum into 
them. 


Table 1 . — Comparative effectiveness of three methods of inocidaiion in producing 
brown spot in corn plants in the field in 1930 


Method of inoculation 

Plants 

inocu- 

lated 

Plants 
with 
brown 
spot at 
end of 

50 days 

.Siwirntittial suspension spraj'ed into the up{>er whorl of leaves of the plants j 

.•^ItoruQKial susi^ension sprayed on the stalks of the plants h. 

N'umber 
: 316 ! 

! 324 

Per cent 

1 96. 5 

! 79. 3 

Sporangial suspensiun injected into the plants 

327 

1 7L S 

1 2. 7 

Plsint.'s not Inueuiuled (ciiecks) . 

315 



i 


COMPARATIVE EFFECTIVENESS OF GREENHOUSE AND FIELD INOCULATIONS 

Comparisons were made of the percentages of brown spot develop- 

ing in six inbred lines of corn artificially inoculated and i;ro\vn in the 
greenhouse in the winter months of 1929-30 and in the" field in the 
suniiuer of 1930 to determine whether the inbred lines reacted the 
same toward the disease in the two places. The seed of each line 
planted in both places was from the same ear, and the plants that 
were in a susceptible stage of growth were inoculated by filling the 
upper whorl of leaves with a water suspension of sporangia of Physo- 
derma zeae-maydis. 

In these tests two lines, Wilson 57-39-1-3 and Bovs Corn Club 
f)o-l-5, were outstanding for susceptibility in the greenhouse, and. 
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altlioiigh the percentage of infection was lower^ they were also most 
susceptible in the field. The other four lines showed a comparatively 
low percentage of infection in the greenhouse and a much higiiei’ 
percentage in the fieldj although the order of their resistance was 
changed. Furthermore,^ the total percentage of plants infected in 
the field was almost twice that of those infected in the greenhouse, 
thus showing that the reaction of inbred lines to brown spot in the 
gTeetihoiise is not a true indication of their reaction under field 
conditions. (Table 2.) 


Table 2. — Comimrison of the percentages of brown spot produced by artificial inocu- 
lation in inbred lines of corn grown in the greenhouse and in ike field 



Inoculated in green- 
house 

Inoculated in fiehi 

\ lil IC'f^ 1 1.1 Cci llML ItHl 

Total 

plants 

Infected plants 

Total 

plants 

Infected plants 

Gist 2-3G3- 

36 

KiimheT 

6 

Per cent 
16. 6 



Xurnber 

55 

Per cent 

71.4 

A [ a t hers 1 2-2- ,1 

15 

5 

33,3 

22 

12 

54. 5 

Cuban Yellow FlintX Florida Flint 18-2-8 .. 

47 

12 

25.5 

89 

41 

46. 1 
56. 4 

Cuban Yellow FlintX Florida Flint lS~2-l-f) 

45 

5 

11. 1 

78 

44 

\Vilson 57-39-1 “3 

31 

‘>7 

87. 1 

' 63 

52 

82.5 

Bovs Corn Club 65-1-5 

17 

16 

94. 1 

1 12 

9 

75. 0 

Total — 

191 

71 

37.2 

'341 

213 

62. 5 


LONGEVITY OF SPORANGIA 

Tisdale has shown ® that sporangia of Physoderma zeae-maydis re- 
main viable over winter in Alabama, Florida, Mississippi, and South 
Carolina. A test was started in 1928 to determine how long sporan- 
gia wmild remain capable of causing infection wdien kept under diS’er- 
ent environmental conditions. Sporangia were scraped from dead 
infected corn leaves and leaf sheaths, passed through sieves to remove 
fragments of host tissue, and then treated as follo"ws: (1) Sporangia 
were mixed with potting soil, sandy loam soil, and sandy soil, and 
stored in test tubes which were plugged with cotton, sealed with par- 
affin, placed in an open flowerpot, and buried in the ground at a depth 
of 1 foot ; (2) sporangia were stored in bottles kept on a shelf in a cabi- 
net ill the laboratory; and (3) sporangia in naturally infected leaf 
sheaths wmre placed in an open box nailed to the side of a building, 
exposed to the weather. Table 3 shows that sporangia stored in the 
three types of soil for three years produced brown spot, and that the 
sandy soil was a more favorable medium than was either the potting 
soil or the sandy loam soil. Sporangia kept in bottles in the labora- 
toiw for one and two years gave very high percentages of infee tion, 
‘but after three years there was a decrease in their ability to produce 
the disease. After twm years in leaf sheaths the sporangia had lost 
little, if any, of their power to cause brown spot. 


s Tisdale, W. H. Op. cit. 
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— ( 'ij}}rnfirnfire percenifioes of infection obtained by inoculating corn plants 
d^i/jkhiinlijJl u'dh sporangia of^Physoderma zeae-maydis of different ages 
■ different conditions 


Year sporangia vrere collected 

Age of 
sporangia 

Conditions of storage 

Plants 
infected « 
by the 
sporangia 

1 

Years 

3 

Potting soil 

Per cent 
64 

'! 

i 3 

Sandy loam soil, 

49 


I 3 

Sandy soil 

S5 

'Ij (iRi ) 

I 1 

2 i 

Laboratory bottle - - 

99 

'1 

—do. -- 

94 

: 

3 

_do, --- 

41. 

t „ - 

2 

Leaf sheath------ .. - 

87 

Not. collected ( check j 

Unknown. 

Soil and plant debris 

4 


« Each rieterminaiion ba.secl on 100 inoculated plants of the Tisdale variety of corn. 


By inociilatiiig com plants growing in the field in 1930 with sporan- 
gia taken from Infected areas in green leaf sheaths, it was d emon- 
strated that they will germinate and cause infection as soon as they 
are mature. Forty-one plants of the 90 inoculated with such sporan- 
gia developed brown spot, while only 6 of the 96 plants not inoculated 
became diseased. 

In the main corn-growing section in north Florida it is believed that 
most of the brown spot developing during any one season is caused 
by sporangia produced one or more seasons previously, because sporan- 
gia are not liberated from the infected tissues of early-planted corn 
until the main crop is in an advanced stage of maturity and not sus- 
ceptible to infection. It is possible that secondary infection takes 
place to some extent in the southern part of the State, as the planting 
season is longer there than in northern Florida. Sporangia probably 
can be carried great distances by the wind.^ If so, some of the brown 
spot in corn fields in the northern part of the State may be due to 
sporangia produced in the southern part during the same" year. 

TIME REQUIRED FOR THE PRODUCTION OP SPORANGIA IN HOST 

TISSUE 


Data were taken to determine the time required for sporangia to 
develop in inoculated plants grown in the greenhouse in the winter of 
1929-30 and in the field in the summer of 1930. Inoculations were 
made in the greenhouse by the hypodermic-injection method and by 
filliiig the buds of the plants with a water suspension of sporangia. 
In the field only the latter method was used. When inoculated, 
plants in the greenhouse ranged in height from 1 to 3 feet and those 
in the field from 2 to 3% feet. 

^ As shown ill Table 4, 11 days elapsed between the date of inocida- 
tion and the first appearance of sporangia in the infected tissues of 
corn plants growing in the greenhouse. The maximum number of 
plants with brown spots containing sporangia was observed on the 
twenty-fourth day. In the field, sporangial formation w'hich could 
have been due to artificial inoculation was first observed on the 
sixteenth day alter the date of inoculation, and there was a rapid 
increase in the rate of occurrence of sporangia from the seventeenth 


» Stakman, E. C., Henev a. W., Cfekan, G. G., and Christopher, W. ] 
AIR, Joor. Agr. Research 24: 599-606, illus. 1923. ■ ■ ■ , , 
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to the twenty-fifth day. On the thirty-sixth day sporangia had been 
formed in diseased areas in 294 of the 315 inoculated plants, while 
onl3^ 7 of the 315 uninoculated plants were diseased. 

In both the field and greenhouse the first sign of brown-spot infec- 
tion was the development of areas which were a darker green than the 
normal healthy tissue. _ (Fig. 4.) Two to three days later the spots 
turned dark brown, indicating the presence of sporangia. 

The variation in the time required for the disease to become 
established and for the formation of sporangia in the tissues of corn 
plants after inoculation is probably due to the variation in time 



Figure 4.— An early stage in the development of brown spot in a corn-leaf sheath. The infected areas 
are a darker green than the uninfected tissue and the dark-brown spots containing sporangia are 
beginning to appear 


required for the sporangia to become exposed to conditions favorable 
for germination and subsequent invasion of the host tissues. 


Table 4. — Time required for the development of sporangia of Physoderma zeae-maydis 
in artificially inoculated corn plants growing in a greenhouse and in the field 


Days 
after inoc- 
ulation 

Niiinber of plants in which 
sporangia were present in— 

Days 
after inoc- 
ulation 

Number of plants in which 
sporangia were present in— 

Green- 
house (165 
inocu- 
lated) 

Field 

Green- 
house (165 
inocu- 
lated) 

Field 

315 inocu- 
lated 

315 unin- 
oculated 

315 inocu- 
lated 

315 unin- 
oculated 

10 

0 



22 

49 

177 

1 

11 

3 



23 

50 

209 

2 

1,2 

5 



24 

58 

29.3 

2 

13 

6 



25 

58 

256 


14 

9 

0 

0 

26 

58 

263 


15 

11 

1 

1 

27 

58 



16 

16 

2 

1 

28 

■ ' . 58 ! 

269 

2 

17 

24 

4 

1 

29 

(«) 

278 

6 

IS 

28 

67 

1 

32 

G) 

287 

7 

19 

34 

80 

1 

34 

(«) 

290 

7 

20 

35 


I ■ 

36 

(«) 

j 

294 

! Y 

21 

48 

128 

i ' 



1 ' ■ 

! 


« No observations made. 

RELATION OF STAGE OF GROWTH OF PLANTS TO INFECTION 

To determine whether there is a relationship hetween the age and 
height of corn, plants and their susceptibility to brown spot in the 
fieldj plants were inoculated at different stages of growth during the 
seasons of 1929 and 1930. In 1929, 80 per ceut of 217 plants with 
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their tassels emerging, developed brown spot when their stalks were 
spraveci with a syspension of sporangia, while only 28 per cent of a 
like number expoicd to natural infection developed the disease. In 
1930, five plantings of a commercial variety were made at weekly 
intervals from April 18 to May 16, and all the plants were inocukted 
with a water suspension of sporangia of Physoderma zeae-maydis on 
June 9. As noted in Table 5, the highest percentages of infection 
occurred in plants inoculated when they were 38 to 52 days old and 
measured 30 to 51 inches in height. Infection in plants 24 and 31 
days old and 10 to 12 inches high was the same and was from 30.6 to 
36'4 per cent less than that in older and taller plants. 

The results of the inoculation experiments show that corn plants in 
the field are most susceptible to brown-spot infection when 45 to 52 
days of age and that infection may occur at any stage of growth, 
beginning" when the plants are 10 inches in height and including 
phmts that have reached the tasseling stage. It is possible that 
infection may occur when plants are less than 10 inches in height, 
but it is not' likely that it occurs after the plants have tasseled, for 
their tissues begin to mature and harden at this stage and this would 
prevent the fungus from entering. 

In the greenhouse, plants 5 to 6 weeks old and 214 to 3 feet in height 
were more susceptible to brown spot than were those inoculated when 
they were in an earlier or a later stage of growth. The disease failed 
to develop in plants inoculated when they were less than a foot high. 


Table o.—Corrijimrafire 0/ corn pUmts of different ages to Physoderma 

zeae-maydis in the field in 1930*^ 


Dat'e of planting 

Age of 

Average 

Inoculated 

Not inoculated 

IJlants 

height 

Total infected 

Total infected 

Apr. is... i 

Dam ) 

■52 ! 

Inches 

51 

Number 

121 

Per cent 
97. 5 
98. f) 

Number 

107 

Per cent 
33. r> 

Afir 25- 

4,5 ’ 
38 i 

1 35 

1 30 

74 

S4 

■ 10.7 
10 5 

-\Jav 2 

92. S 

85 


31 : 
24 

i 12 

53 

SI 

62.2 

82 

0 

1.4 

, ... .. .... 
Alay 16 ■ 

1 10 

62. 2 

69 


“ All iilarits were inoculated June 9, 1930, and final notes on infection were taken July 9, 1030. 


EELATION OF WEATHER CONDITIONS TO INFECTION 

Ten to ninety per cent or more of the corn plants in fields in the 
vicinity of Gainesville may become infected with brown spot. In 
the main crop planted in M arch and ea rly April farther north the disease 
usually makes its first appearance the latter part of Alay or the first of 
June, and maximum infection is usually reached on or before July 15. 

According to Tisdale, conditions most likely to cause an epidemic 
of brown spot in a cornfield where the plants are making a normal 
growth are (1) the presence of the sporangia of the causal organism, 
(2} daily temperatures ranging between 23° and 30° C., and "(3) the 
retention of the sheath and bud water in the plants nntil the sporangia 
can germinate and cause infection. Weather conditions favoring the 
maximum development of the disease at Gainesville usually prevail 
during May and June. 


I” Tisdale, W. H. Op, Cit. 
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Comparisons were made of the percentages of brown spot in 10 
varieties of corn planted March 10, 1930, and 5Iarch 6, 1931, and 
grown in the same field on the agronomy farm in both seasons. 
Nineteen per cent more of the plants were infected with brown spot 
in 1930 than in 1931, the infection being 53 and 34 per cent, re- 
spectively, for these two years. The temperatures in April and 
Alay, 1930, were higher than for the same period in 1931; and there 
was much more rainfall, a greater number of showers, partly cloudy, 
and cloudy days during the period from April 1 to June 30, 1930, 
than there were during this same period in 1931 (Table 6), which 
verifies Tisdale’s conclusion “ that the disease is more prevalent in 
warm, wet seasons. 


Table 6. — Weather conditions preimiling in April, May, and June, 1030 and 1981, 

at Gamesville, Fla, 


Condition 


April 


i Nlay 

1 . : 

June 


1 

1 1980 


1931 ! 

i 

1930 1 

1931 

1930 

mi 

Clear days 

.number. . 

I 


15 1 

8 i 

14 i 

5 

16 

Partly cloudy days 

cio 

15 


10 1 

! 22 1 

16 1 

14 

13 

Cloudy days 

Days precipitation was 0.01 

do.... 

inch or 

G 

j 

5 

1 ! 

1 i 

11 

i 

more„. 

.number.. 

6 


7 

1 6 ! 

10 

20 

9 

Total la-ecipitation 

...incdies-. 

2. 12 1 


2. S3 

I 4.90 : 

2. So ’ 

12.03 

1.53 

Mean nia.vimuin temperature... 

® F.- 

SO. 20 1 


7S. 37 

I S9. 22 i 

So. 40 

''5. .^6 

92. 57 

Mean minimum temperature... 

do 

' 57. 70 : 

i 

55.00 

i 63. 55 ' 

1 61. OS 

6tj. 30 

fT. 50 

Mean temperatare 

do 

1 68. 90 


66. 70 

76.38 

1 ' 73. 26 

' 77. 

1 

SO, 03 


COMPARATIVE SUSCEPTIBILITY OF VARIETIES OF CORN TO 

BROWN SPOT 

None of the varieties of dent and flint corn tested have been found 
to be iminime to brown spot. The disease has been observed in each 
of 38 varieties planted March 10, 1930, and March 6, 1931, in test 
plots at Gainesville, Fla. However, these varieties reacted differently 
to brown spot ; in 10 varieties that were grown in both years, infection 
in 1930 varied from 33.3 to 78.2 per cent, and from 14 to 46 per cent 
in 1931, as shown in Table 7. The weather conditions in 1931, as 
noted previously, were unfavorable for the rnaxiniiini development 
of brown spot. The varieties did not rank the same in the order 
of their siisceptibility during both years. For example, in 1930 
Mizelle and Tisdale stood at the bottom and top of the list, respec- 
tively, whereas in 1931 their rank was reversed. 


Tabi.e 7. — Comparative snsceptiMlity of 10 commercial varieties of corn to 
Physoderma seae-maydis in 


Variety 

Percentage of brown 
spot 

Variety 

Percentage of brown 

1930“ 

193D 

1930“ ", 

Airsic 

Xlizelle...' ■' . ■ 

78.2 

14 

W ilson _ - . - . - . 

46.8 

38 

Florida 191 ' 


20 

Dowmans .. 

44,1 

■■ 30 

Snowflake ... 

f)3.5 

42 

Kilgore Red Cob Prolific . .... 

38.9 

3C 

Diibose.. . 

53. 4 

40 

Cuban Yellow Flint..,.. 

36.8 

38 

W hatle\ ... ... - - . 

53.2 

Sfj 

Tisdale.. -- - 

33. 3 

46 








“ Percentages based on 77 to 101 plants of each variety. . 
b Percfentages based on 50 plants of each variety. 

Tisdale, Wa H. , Op. tit. 
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COMPAKATIVE SUSCEPTIBILITY OF SELF-FERTILIZED LINES OF 
CORN TO BROWN SPOT 

Inbreeding was practiced in a number of different varieties of corn 
wrovTi during epidemics of brown spot the three seasons, 1929 to 1931, 
to develop inbred lines for the purpose of selecting strains to be used 
in a study of the inheritance of the disease and in the creation of 
resistant synthetic varieties. The disease was induced by filling 
the upper whorl of leaves of the plants when 3 to 4 feet in height with 
a sporangial suspension of Physoderma zeae-maydis. Although the 
work has been in progress only three years, the results show that it is 
possible to obtain resistant and susceptible strains. Several hundred 
inbred lines have been developed and their reaction to brown spot 
studied. Of the 10 inbred lines, whose reaction to brown spot is 
given in Table 8, the first 5 strains were developed by selecting and 
self-fertilizing plants resistant to the disease, while the last 5 were 
developed without such careful selection. 

Table S. — Comparative siisceptihility of 10 mbred lines of corn to Physoderma 
zeae-rnaydis as determined by natural and artificial inoculation in the field 


Variety and inbred line 
number 

j 

I^ercentage of plants 
with brcTwn spot « 

Variety and inbred line 
number 

Percentage of plants 
with brown spot « 

1929 

1930 

1931 

1929 

1930 

1931 

Petree 8- .5- -Pi 

52.9 

23.0 

8.6 

Cuban Yellow Flint X 




Early Yellow Dent .14-6-- 




Florida Flint 18-3-6-4,. 

100.0 

100.0 

83.9 

fPlS 

90. 6 

41.3 

21.0 

Cuban Yellow Flint X 




Cuban Yellow Flint X 




Florida Flint 18-2-10-17. 

62.8 

82.6 

90. 0 

Florida Flint 18-2--8-1S. 

62. S 

45.9 

9.0 

C. H. X F. B.-U. S. n. A. 




Wilson 57-36-2-4-10 

i 44.0 

37.1 

1 12.5 

73-2- 9-29 (Richey) 

76.6 

85. 7 

100. 0 

Laguna Sl-3-2-11 

1 43. 7 

20.0 

! 4.0 

Laguna 81-1-3-21 

52. 6 

05. 6 

80.6 

.Mathers 12-2-2-S-._ 

i 69. 7 

34.4 

1 78.8 






Nineteen to 95 plants of each line were grown each year. 


SUMMAEY 

iUl subspecies of corn proved to be susceptible to brown spot when 
artificMly inoculated. 

Brown spot was found to be most often located on the leaf blades 
and sheatlis of corn plants at or below^ the fourth node from the 
ground. 

The most elective method of producing brown spot in the green- 
house was to inject a water suspension of sporangia into the stalks of 
the plants, 2 to 3 feet in height, at or near their growing points. In 
the field the best niethod of inoculation wuis to fill the upper whorl of 
leaves with inoculum from a hand pressure sprayer when the plants 
were 45 to 52 days of age and 35 to 51 inches in height. 

The reaction of inbred lines to brown spot in the greenhouse was 
not a true indication of their reaction under field conditions. 

Infection was prodnced by sporangia which had been kept in soil 
in test tubes buried a foot in the ground for three years, in a bottle 
in the laboratory for three years, in leaf sheaths exposed to the 
weather for two jmars, and by sporangia taken from diseased areas 
m green leaf sheaths. 
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Eleven days from the date of inoculation was the minimum time 
required for sporangia to develop in plants grown in the greenhouse ; 
in the field 16 days were required. 

More brown spot developed in the wet season of 1930 than in the 
diT season of 1931. 

Varieties of corn differed in their susceptibility to brown spot and 
did not rank the same in the order of their susceptibility during the 
years 1930 and 1931. 

Inbred lines of corn have been isolated, which differed in their 
siisceptibility to brown spot when they were exposed to this disease. 

162217—33 5 




THE DISTRIBUTION OF NITROGEN IN TOBACCO WHEN 
THE SUPPLIES OF NITROGEN AND OP LIGHT ARE 
VARIED DURING THE GROWING PERIOD ^ 

By Walter S. Eisenmenger 

Research Professor of Agronomy, Massachnsetts Agricultural Experimeni Station 

INTRODUCTION 

With the exception of that done recently, nearly all the work 
relating to the intermediate products of plant" metabolism has had its 
inception in a desire to isolate products for use in industry, or for 
therapeutic application. These compounds were for the most part 
by-products of certain plants and not products that are universally 
found in all seed plants; and they had no relation to fundamental 
physiological activities. The general types of compounds were alka- 
loids, glucosides, and certain dyes. When it became known that there 
is close interrelationsliip between ions absorbed from the nutrient 
medium and the amounts of organic materials synthesized, the quest 
for an explanation of the intermediate processes began. 

The limitations of analytical chemistry are such that little informa- 
tion can be obtained b}^ separating the nitrogen components of a 
single plant. However, plants grown under cfifferent conditions of 
environment should yield results capable of interpretation. The 
wider the variation in conditions of gi-owth and development the 
greater should be the ease of correlation. 

Certain root diseases of tobacco have suggested the possibility 
that reductase actmty in the diseased plants may be less than that in 
normal plants. If any appreciable reduction of nitrates occurs in the 
root hairs, it may be due to retardation in the normal elaboration of 
nitrogen rather than to nitrogen deficiency or incapacity of the plant 
to absorb the ion. In the present experiments an attempt was made 
to determine the approximate location within the plant at which 
reduction takes place, and the effects of light and of the relative supply 
of nitrates on the amounts of different nitrogen fractions in the various 
plant parts. 

METHODS 

Havana seed tobacco seedlings were planted singly in glass jars. 
Each plant was held in place by havmg its roots inserted through a 
hole in a cork, and cotton placed about the plant stem. The com- 
position of the medium was as follows ; 


ilol. 

GaH(P0,).2H20 ... 0. 0025 

CaS 04 . 2 H 20 . 0026 

MgS04.7H2G - .0057 

KCl. ... ..... . 0037 

NaNOs. ......... ... .... ... . 0278' 


In addition, the medium contained 3 parts per million of boric acid 
and a trace of ferric potassium tartrate. The media were renewed 


i Received for publication June 13, 1932; issued March, 1933. Contribution No. 142 of the Massa-- 
chusetts Agricultural Experiment Station. 
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eveiT two days. Tlie nitrogen content of the medium as compared 
with the content of other essential elements was therefore relatively 
iiigli. This condition wuis conducive to a rapid growth of plants, 
clmracterized by little fiber and much wuater, and a consequent tender- 
ness and succulence of plant parts. 

The concentration of this medium, except for the nitrogen, is 
lower than that of most standard nutrient solutions. Preliminary 
experiments indicated that by renewing the media on alternate days 
good growth was afforded during the time these plants were growing. 
The experiments by Stiles {26)- would suggest that lower total con- 
centrations may be used satisfactorily if the plant is provided with 
salts at more frequent intervals. 

In the gTeeiihouse 206 tobacco seedlings were planted in as many 
jars on hfay 4, 1931. The plants were allowed to grow in the green- 
boiise iintif June 4. At that time they were removed, and 100 were 
placed in a light room (where the hght was of natural intensity and 
diiration), and 100 were placed in a dark room. ^ Each of these two 
groups of plants was divided into two groups. Fifty of the plants in 
the light room and fifty in the darkroom continued to receive the same 
nutrimit inediiim. From the other 50 in each room, sodium nitrate 
was entirely withlield, but the concentration of the other salts was 
not altered. During the 11 da^^s of the test the temperature varied 
from 20° to 2 C. 

Both groups of plants kept in the light continued to grow normally, 
whereas the two groups kept in the dark room showed definite signs 
of etiolation after two days. At the end of 11 days the plants kept in 
the light showed no unnatural symptoms, while those kept in the 
dark were not only markedly etiolated but also had lost a few of their 
lower leaves. The general appearance and flaccid texture of some 
of the roots of the plants kept in the dark indicated deterioration. 
At this time all the plants were harvested, and each plant in the four 
groups was dmded arbitrarily into (1) roots (2) stems (3) midvein of 
leaves, and (4) part of the leaf left after the removal of midveiii. 
Each of the 16 lots of plant material was sealed in a glass jar, placed 
ill a temperature of —9.5° C. and kept frozen at this temperature 
until removed for analysis. 

EXTRACTION 

Nightingale, Kobbins, and Schermerhorn {19) obtained concordant 
results in the analyses of frozen plant parts and the corresponding 
fresh materials.^ Chibnall (7) found that drying plant tissue at 
40 °~ 50 ° C. entailed a loss of protein and an increase in ammonia due 
to autolysis. Thomas {27) dxied materials at 70° as the preliminary 
step in analysis. Tottingha,m, Schulz, and Lepkovsky {30) extracted 
considerably more soluble nitrogen and soluble protein nitrogen from 
frozen leaves than from the dried forms, but less from the frozen 
materials tliaiifrom the fresh materials. 

For analysis the total weight of each lot of material was determined, 
after which small portions w^ere removed for dry-weight determina- 
tion, These samples were dried at 105° C. in an electric oven for 36 
hours. It would have been preferable to use a lovcer temperature in 
partial vacuimi. However, the percentages of nitrogen fractions of a 


■Reference is made by number (italic) to Literature Cited, p. 264. 
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sample dried at 105"^ differed only slightly from the percentages of a 
sample wiiieli had been dried at 100 ^. Portions of each lot were 
removed for total-nitrogen determination. The remainder of the 
frozen material was ground through a Nixtamal mill. The solid 
portions of this ground material were ground again through another 
iiiill, and in the case of the more fibrous materials, were ground one 
or more additional times. With water added, the solute and materials 
in a colloidal state were expressed through cloth. The residue was 
then placed in a mortar with water and ground with quartz sand, after 
which the materials were again placed on the cloth and the extraction 
repeated. Before the first grinding, no water was added. However, 
water was liberated from the plants, which rapidfr began to thaw. 
After the first grinding, water was added for grinding in the iiiill and 
mortar in amounts clepending on the amount of material present. 
The solute was eventually made up to 2,500-3,000 c c. 

The residual pulp was analyzed for total nitrogen. The percentage 
thus obtained was compared with that obtained by subtracting the 
total water-soluble nitrogen from the total nitrogen. 

The amount of protein that could be dissolved out of the residue 
(after water extraction had been employed) by heating with a 5 per 
cent sodium chloride solution for one-half hour at 60° C. was iisiially 
very small. This would indicate that globulins had been removed in 
previous extraction from all ruptured cells, or that this type of protein 
was present only in minute quantities. Slightly more than 0.0 1 per cent 
was extracted means of salt water from the different plant parts. 

TOTAL NITROGEN 

Kanker (23) found the salicylic acid-thiosulphate method for the 
determination of total nitrogen unsatisfactory where nitrates are 
present. The writer found that a loss of nitrogen occurred when 
this method was employed in these experiments. 

The method finally adopted was that in which iron is employed for 
reduction: The procedure was according to that oiitlined by Piicher, 
Leavenworth, and Vickery (21). A blank test was made to determine 
the purity of the iron. 

WATER-SOLUBLE PROTEIN 

A 200 c c portion of the extract was treated with Stutzer's reagent 
and allowed to stand overnight and filtered. The material on the filter 
was digested in the usual manner and the nitrogen determined by the 
Kjeldahl-Gimning- Arnold method. 

AMMONIA AND OTHER VOLATILE BASES 

A 100 c c portion of extract wuis made alkaline with calcium oxide, 
and distilled with steam. The distillate wirs taken up by a 0^.02 N 
H 2 SO 4 solution, and this in turn was tifrated vith 0.02 N NaOH. 
Magnesium oxide was found to serve as well as calcium oxide. The 
use of MgG caused frothing in the subsequent determination o^^ 
nitrate nitrogen. In the present instance basic nitrogen was not 
separated from ammonia. However, a trial indicated that the alka- 
loid components were small in amount at this stage of growth. 
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NITRATE NITROGEN 

Yarioiis met bods and modifications have been suggested for de- 
termining nitrate nitrogen in the presence of organic matter. Gal- 
lagher < if ' objtHUed to the reduction of nitrates in acid solution when 
aiuiiio acids are presen t, as the intermediate compound, nitrous acid, 
acts to liberate nitrogen. He preferred the Valmari-Devardo method. 
Pyiie i could not duplicate the analyses when he used the Yalmari- 
DcTai’ilo method of Gallagher, and obtained better results by reducing 
the nitrate nitrogen by the use of titanious hydroxide. ^ 

Emiiiert HO ) used siilphurie acid wdth the plant materials aiicl drove 
the resultant distillate over into a flask containing chlorine dioxide. 
Finni this point he used for determining nitrate nitrogen in the dis- 
tillate that part of the method suggested Harper {IJ) for soil 
nitrates, namely, phenol disulphonic acid.^ 

Biirrel! and Hiiliips (d) used the phenol disulphonic acid method by 
first eliniiiiatiiig the objectionable carbon compounds which would 
otherwise have interfered with the final color compaiisons. 

Breekeiiridge (S) obtained serious error by using the zinc-iron 
method for reduction of nitrates in fertilizers and concluded that the 
method sliould not be adopted as an official one. 

Other investigators seem to have obtained better results in the 
reduction of nitrates with aluminum or an alloy of aluminuin in 
alkaline solution, Pozzi-Escot (20) used aluminuin. Shedd (24) ob- 
tained favorable results with a modification of Strand’s method of 
using Devardo alloy. 

The method finally adopted by the writer was that outlined bv 
Yictkeiy and Puciier (31), The extract from which the volatile bases 
had been expelled was used. This method gave more consistent 
results in this particular instance than other methods involving 
rediictioii in acid or basic solutions. 

AMIDES 

Yickery aiid Pucher (32) stated that the hydrolysis to ammonia 
with HCl varied. considerably with the HCl concentration. HoSOs 
is preferred as a.o acid for hydrolysis. 

A portion of the solution from which the soluble protein had been 
removed by Stutzer’s reagent w'as freed of ammonia, by being distilled 
with stea., 1.11 after sufficient calcium oxide had been added to make it 
alkaline.. To the ammo.nia-free portion was added sulphuric acid 
siifiicieiit' to nia.ke a 5 per cent acid ■solution. This wms hydrolyzed 
for two ho.iirs, a re.fi.ux condenser being used in t,he boiling process. 

Afteiybeing cooled, the hydrolysate was made nearly alkaline with 
iiiagnesiiiiii oxide, and then sufficient sodium hydroxide solution was 
addtxl to ,m.a.ke it distinctly- basic. The ammonia was distilled by 
steam distillation into an acid 'Solution 0.02 N,. and titrated with 
.0.02 N NaOH.. ■ 

HUM.IN 

The -solution , that rema.ined .alter, the amide uiitrogen .had,-' .been 
.removed as ammonia was filtered while hot, and the- .residue on the 
filter .pape,r wuis. "washed. The nitrogen of this, residue was then 
dete.r.miiie-d by the iiiet.h.od employed for protein nitrogen. - 
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PROTEOSE NITROGEN 

All aliciiiot portion of extract from which water-soluble protein 
had been removed was saturated with zinc sulphate after having 
been made slight!}^ acid with sulphuric acid. The precipitate was 
allowed to stand overnight and filtered. The nitrogen of this precipi- 
tate was then determined by the method employed for protein. 

ALPHA-AMINO NITROGEN 

The liuinin filtrate was acidified with acetic acid and the amino 
acid nitrogen determined by the Van Slyke method. In instances 
where extreme dilution ivas necessary, this value was very low. In 
such instances, ammonia was removed from the original extract and 
an aliquot portion used for determination. 

Table 1. — Dri/ matter and nitrogen in tobacco plants as affected bp exposure to 
light and by fertilization with sodium nitrate 

[All computations made on dry-weight basis] 


rxROWX FOR 1 MONTH AND 11 DAYS IN LIGHT, NaNOa SUPPLIED DURING THE 

ENTIRE PERIOD 


Fart of plant 

Dry matter 

Total 

N 

Solu- 

ble 

pro- 

tein 

N 

Total 
water 
solu- 
ble N 

Am- 

monia 

N 

Hu- 

min 

N 

Prote- 
ose N 

Ali:iha- 

amino 

acid 

N 

Amide 

N' 

Ni- 

trate 

N 



Per 

Per 

Per 

Per 

Per 

1 Per ' 

; Per 

Per 

Per 

Per 

Leaves without mid- 

Grams 

cent 

cent 

cent 

cent 

1 cent \ 

cent \ 

cent 

cent 

cent 

cent 

vein 

60. 258 

7. 260 

3.861 i 

1.091 i 

3. 810 

0. 123 1 

0.003 i 

0.076 

0.967 i 

0. 464 

1.090 

Midvein of leaf 

16. 573 

4. 950 

3. 838 1 

.691 ! 

3. 790 

; . 135 * 

(•*) ! 

.380 

,517 * 

,518 ! 

1.482 

Stern 

24. 365 

4. 419 

4.963 

1. 114 


1 . 296 I 

S .233 

i . 662 

.810 

.408 ! 

.817 

Root 

16. 863 

5.236 

3. 173 

.891 

2. 872 

! . 230 i 

1 

• 194 

.171 

.406 

! 

.297 : 

.243 


GROWN FOR 1 MONTH AND 11 DAYS IN LIGHT, NaN03 SUPPLIED FOR 1 AIONTH AND 
WITHHELD FOR THE LAST 11 DAYS 


Leave.? without mid- 
vein 

51.411 

6. 869 

3.661 

1.070 

3. 642 

0. 227 

0. 348 

0. 135 

0.951 

0. 286 

0. 569 

Alidvein of leaf- 

19. 142 

4. 689 

3. 236 

.669 


.190 

.001 

.142 

.978 

.295 

.882 

Stem 

13.884 

4.436 

5. 158 

.745 


.391 

.355 

.387 

' .949 

. 774 i 

,733 

Root 

16.649 

6.017 

2. 382 

.586 


. 237 

,079 

.229 

1 1 

.787 

1 . 114 

.194 


GROWN FOR 1 MONTH IN LIGHT AND THE LAST 11 DAYS IN DARKNESS, NaNOs SUP- 
PLIED DURING THE ENTIRE PERIOD 


I.eaves without mid- 
vein 

35 784 

7. 749 
6.797 

4. 823 
4. 137 

1.191 

.377 


0.363 1 0.095 
. . 251 i . 272 

0. 130 

0. 569 

0. 573 
. 242 

1. 586 

Midvein of leal- 

19. 292 

3. 758 

.062 

.813 

1. 830 

Stem 

24, 974 : 

5. 286 

5. 645 

.775 

5. 529 

■ . 674 . 085 i 

i . 154 ^ 

1. 635 

.454 

1.311 

Root 

23. 308 i 

6.343 

2.791 

.691 

2.288 

; . 381 1 . . 064 ! 

1 1 : 

.176 : 

.459 

,085 

. 308 


GROWN FOR 1 MOxNTH IN LIGHT AND THE LAST 11 DAYS IN DARKNESS, NaNOs SUP- 
PLIED FOR 1 MONTH AND WITHHELD FOR THE LAST 11 DAYS 


Leaves without mid- 
vein 

34.310 

8.407 

5. 753 

0.911 

5. 372 

. . I 

0.404 

0.007 

0.324 

1.181 

■ i 

0.280 ; 

; 1.168 

Mid vein of leaf. 

13.620 

4.766 

5.092 

1. 148 

4. 701 

.532 

.227 

.308 

1. 683 

.472. 

1.,812 

Stem--.-. - ... 

12. 646 

3. 954 

5. 177 

.801 

5. 024 

. 909 : 

.198 

, 023 

1. 197 

.609 

i 1. 103 

Root.. 

12.818 

5.695 

3.242 

.843 

2. 877 

,513 

.069 

.012 

.727 

.054 

.121 


Trace, 
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RESULTS AND DISCUSSION 

Since the plants had grown in a medium supplying an abiiiidauc€> 
of nit-rate nitrogen as compared with the amounts of other plant 
niitiieiits, it would appear that during the time the plants were in 
the iiaiit more than tlie normal amount of nitrogen would be taken up- 
fTottingham and Lowsma (£9)). This would probably be followed 
by a large water intake. It will be noted from Table 1 that some 
of the plants which had been kept in the dark for 11 days before 
being harvested showed a slightly higher percentage of dry matter 
of leaves (without mid vein) than did ^ those remaining in the light 
during the entire growing period. This was due in^ part to the fact 
that soiiie of the lower leaves had died as a result of the unfavorable 
eiivii’oniiient. 

Smith {2o) found that several varieties of plants thrive economi- 
cally best when from 10 to 20 parts per million of nitrate nitrogen 
are ' present. This amount was relatively small as compared with 
the aiiioiiiit used in the present trials, in which obviously more nitrate 
iiitrogeiTL than was n,ecessaiw was present. Haas (73), however, found 
that 500 parts per million of nitrate gave good results for tobacco 
growth and that sodiimi nitrate afforded conditions better for intake 
of than the nitrate of calcium, magnesium, potassium, or am- 

iiioriia. However, the literature on this subject does not justify a 
conclusion at this time. 

The presence of some salts containing essential elements affects the 
intake and elaboration of nitrogen compounds. Thus Burrell (4) 
found that a deficiency of magnesium caused a lowering of the quan- 
tity of soluble and insoluble nitrogen in soybean leaves and stems. 
A deficiency of calcium also caused a lowering of both soluble and 
insoluble nitrogen, while potassium deficiency caused a lowering of 
insoluble nitrogen but little difference in soluble nitrogen. 

TOTAL NITROGEN 

111 these experiments under every condition the minimum percent- 
age of total nitrogen was in the roots. To a degree this is in accord 
with the work of Kraus and Kraybill (16'), who found that in the stem 
of the tomato plant there is a descending gradient of total nitrogen. 
In the light of recent investigations it would be well to consider how 
nitrogen compounds may be transported in certain plants by means 
other than those commonly recognized.- Maskell and Mason (77) 
found that total nitrogen, protein nitrogen, or amino acid nitrogen 
may be. associated Mth longitudinal movement, and suggest that the 
presence of sieve pores in cotton plants should allow the movement not 
o,n.ly of crystalloids but also of materials in a colloidal state. The, 
stems -of these tobacco plants contained the highest percentage of 
total nitrogen as compared with that of other plant parts. The total 
.nitrogen percentage of the plants grown in the dark was slightly higher, 
but the total quantity of nitrogen in the plants grown in the light was 
s.lightly .gieater on. account of ; the, inci'ease in gTOwth. The leaf 
. (iiiiniis midvein) -came next in order in percentage of . total nitrogen, 
with the e,xcep.tion of that, of the plants- growing in th.e.foa.rk for 11 
days wit.hoiit a supply of. nitrogen. ,In that instance the leaf con- 
tained more thaiydid any other one part of the plant. These plants- 
showed ahnomialities, not only in ..appearance but in content of nitro- 
gen, fractions. . 
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SOLUBLE PROTEIN 

At an early stage of development of tobacco the soluble protein 
conipoimds seem to be almost equally abundant in the leaves and stem^, 
but less abundant in the roots and veins. 

The protein here described probably includes not only albimiin but 
globulins or prolamines, etc., which might be present in miniite 
amounts. Although the last two classes are regarded as not soiiible 
in water, the method of extraction with water by pressing through 
cloth would not necessaril}' prevent the insoluble compounds in a fine 
state of division from being a part of the extract. 

AMMONIA NITPXJGEN AND AMIDES 

In all instances the largest percentage of ammonia nitrogen was 
found in the stem. 

In the case of amides no relationship could be shown between the 
amide content of the plant parts and the difl:‘erent conditions to wliicli 
the plants were subjected, although the liigher percentages were 
always confined to the aerial portions of the plant. No evidence was 
found to show that amides may be used for protein synthesis when 
amino acids are not present in the required amount. The fact that 
this condition was not arrived at was due to the presence of a constant 
supply of alpha amino acids^ during the growing period. It might 
be mentioned in this connection that amides have been regarded by 
some workers as parts which form proteins when there is a scarcity of 
amino acids as in cases of pronounced etiolation (6: lo, p. £.^7). 

The conditions referred to, prevailed when amide nitrogen was 
the product of metabolism. On the other hand, when asparagine was 
used as a source of nitrogen in a grovdng medium for tobacco iiiider 
sterile conditions, the plants reported on by Beaumont, Larsinos, 
Piekenbrock, and Nelson (^) obtained fair growth, though not entirely 
normal. 

Ammonia has been regarded both as a primar}' and end product in 
nitrogen metabolism of plants. 

ALPHA AMINO ACIDS 

Amino acid accumulation in darkness, as indicated by Table 1, is 
probably due not to more active reductase activity but rather to a 
piling-up effect incident to the slowing up of processes having to do 
with the formation of more complex nitrogen compounds. The other 
explanation would be that tobacco plants, which at this groving stage 
are sensitive to total absence of light, begin soon to react in the dark 
to break down proteins and use a nonnitrogenous part of the cleavage 
product to conserve the carbohydrate supply. The nitrogenous 
portion might thus eventually appear as alpha amino acids. The 
latter suggestion seems conjectural in view of the fact that the plant 
contains relatively little glucopi-otein. 

NITRATES 

Eckerson (8) found that in the tomato plant reduction took place 
at the stem tip just behind the growing region in the leaf cells, espe- 
cially near the phloem and in the cortical cells of the petioles ; in the 
stem, especially near the nodes, in the phloem paranchyma and the 
cells in the cortex near the pJiloem. 
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111 contrast to these annuals, in some plants which have a more or 
less developed carbohydrate storage system, much of the nitrate 
iiitrogeii seems to be reduced at the roots. The work of Eckerson 
and of Thomas {28') would indicate that in The apple reductase 
aetivitv was more pronounced in the roots than in the aerial portion. 
Also, Nightingale and Kobbins {18) found that apparently the ni- 
trates are reduced to nitrites and ammonia in the roots of narcissus, 
with accompanied decrease of carbohydrates in these plant parts. 

The oiitstanding feature of the analytical data is the relatively 
large percentage of nitrate nitrogen in the aerial portions of the- plant 
ill instances where sodium nitrate was supplied during the entire 
growing period. If the nitrate content of plants grown under favor- 
able economic field conditions is (*ompared with the nitrate content of 
any of these plants, it will be seen that in none of these was there 
nitrogen deficiency. This high percentage reaches a maximum of 
sliglitiy more tiiaii 1.8 per cent in the midvein of leaves of plants 
grown in the dark during the last 11 days before being harvested. 
Tlie inaxiiniini of iiitrate"^ nitrogen was found in the mid-rib of the 
leaf, as cornpared with the amounts in other parts of leaf, stem, and 
root. Tliis w*as true for plants grown in the light and in the dark and 
regardless of wiiether the nitrates were withdrawn or continuously 
supplied. The plants seemed to have taken up a sufficient nitrate 
siippty previous to the 11 days, wiien nitrogen wns withheld from one- 
half of the iiiimber to maintain apparent normal metabolism during 
this time, providing normal liglit w’as retained. It wmild have been 
desirable to continue growing the plants in the light until the group 
no longer receiving nitrogen had nearl}^, or totally exhausted its 
accumulated supply of nitrates. If all plants were to be harvested 
at the same time, iiowmver, this could not be done, inasmuch as the 
plants growing in the dark w^ere intolerant of a more prolonged period 
in the dark. 

Aiiderson {1 ) found with a variety of plants that the nitrate content 
varies greatlv according to the immediate environment, such as 
locality of growth, degree of shade, nitrate supply of soil, month of 
year, and hour of day. These factors finally resolve themselves into 
the supply of nitrates and the rate of anabolism. 

Frear ill) found that the small leaves of beet roots contained more 
nitrate nitrogen than the larger ones, and that the midrib contained 
always more than the rest of the leaf. 

In the experiments with these tobacco plants the leaf portion 
(other than iiiidiib) decreased in nitrate content to a greater degree 
than Other plant parts as a result of the withdrawal of nitrate froni the 
iiiediiim, regardless of light conditions. The next in order of decrease 
in nitrate content are roots, stems, and midvein. It must be empha- 
sized, however, that there w^as no e\idence of nitrogen starvation, as 
UBelaborated nitrogen was found in all plant parts. The nitrate 
content of plants growm in the dark show^ed a marked increase. This 
woiiki usually be explained as being due to the fact that the gradient 
of photosyiithesis did not keep ; pace with the rate of respiration, 
cmingTo .carbohydrate deficiency. . 

The evidence at hand w^ould seem to support the conclusion that 
Iiiucli of the nitrate reduction in tobacco takes ■ place in or near the 
veins of the leaf. 
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TOTAL DRY WEIGHT 

IJiicler the most favorable conditions of the expeiimentj when plants 
were supplied for the entire growing period with nitrates and light, the 
total diy weight was the highest. There was little difference in the 
total dry weight of the plants growing during the entire period in the 
light, from which nitrogen had been withheld during the last 11 days, 
and that of those to which nitrogen had been supplied during the 
entire growing period but Avhich had been held in darkness during the 
last 11 days." The minimum total dry weight was that of the plants 
from which both light and nitrates had been withheld during the last 
11 days. The total dry weights in grams of the groups, in the order 
in which they have been described, were as follows: 1 18.059, 101.086, 
101.358, and 73.394. 

The amount of dry matter in the roots and stems of the plants from 
which nitrogen had been vdthheld was materially lower than that in 
the plants grown under similar conditions of light but receiving a 
constant supply of nitrogen. This suggests that nitrogen deficiency 
first affects the root and stem systems. The amount of dry matter 
of the entire leaf portion of the plants from which light had been 
withheld was lower than that of jilants grown under similar conclitioii 
of nitrate supply but receiving a constant supply of light. The 
absence of light first exerted a deleterious effect on the leaf. 

SUMMARY 

Tobacco plants were grown in the greenhouse in water cultures 
for one month. At the expiration of this time one-half of the plants 
were placed in the dark and one-half were continued in the light 
(in light of natiirai duration and intensity). Sodium nitrate was 
continuously supplied to one-half of each of the two groups; from the 
other one-half of each group nitrate nitrogen was withheld for 11 
days before the plants were harvested. 

The plants w'ere divided into four plant parts (roots, stems, mid- 
veiii of leaf, and leaf other than midvein) and analyzed for various 
nitrogen fractions. 

The stems were relatively richer m total nitrogen and ammonia 
that the other plant parts. The leaves 'were characterized by a 
relatively high content of dry matter and protein. 

Plants deprived of a nitrogen supply for 1 1 days still maintained an 
ample supply of nitrate nitrogen in the tissue. 

The plants growui in the dark for 11 days contained a higher per- 
centage of nitrate nitrogen than the corresponding plants grown in 
the light. 

The plants growm in a liberal supply of nitrate nitrogen, wfith a 
disproportionately low' supply of other plant nutrients, contained a 
low’^ percentage of dry matter and a high percentage of nitrate nitrogen, 
indicating a low' metabolic rate. These factors did not apparently 
interfere with luxuriant growdh at this stage of the plant’s develop- 
ment.. 

The nitrate and alpha amino acid nitrogen content of the plants 
seemed to be most influenced by light. Darkness in most instances 
increased the percentage of nitrogen. 

In all instances the maximum percentage of nitrate nitrogen w^as 
found in the mid vein of the leaf. This would suggest that considerable 
reduction of nitrogen occurred in or near the veins of the leaf . 
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STUDIES ON THE DISSOCIATION OF THE BRUCELLA 

GROUP' 


By W. L. Mallmann, Research Assistant Bacteriologist, and Frank Gallo, 

‘formerly Student Assistant in Bacteriology, Department of Veterinary Medicine, 

Michigan Agricultural Experiment Station 

INTRODUCTION 

Since the bovine and porcine strains of Brucella have been deinoii- 
strated to have pathogenicity for man, new interest in this group of 
organisms has resulted in a rather extensive and inclusive study of 
these organisms. A number of methods have been developed^ by 
which these organisms may be classified, according to source, into 
three groups; namely, caprine, bo\nne, and porcine types. The 
methods have not always given the same results in the hands of 
various workers; hence the question of reliability of these procedures 
arises. 

Unfortunately, perhaps, none of these systems of classification 
takes into consideration the possible r61e that dissociation might play 
in indiicing yaiiability of the organisms. Hadley (3)- cites niimeroiis 
instances of dissociation changes in an organism, causing not only 
marked colonial appearance but also disturbances in physiological 
and antigenic properties. The possibility of such changes in menibers 
of the Brucella group should be seriously considered — in fact, no 
system of classification can be considered accurate which fails to 
recognize the influence of dissociative changes. The significance of 
dissociation in this group has been only partly studied. 

HISTORICAL REVIEW 

It seems needless to review the early literature concer nin g the 
appearance of atypical or paramelitensis type Brucella cultures. 
The first description of R types in Brucella abortus was presented by 
Henry (4) who demonstrated such forms by spontaneous and enforced 
dissociation. He describes an opacpie, granular colony that gave 
spontaneous aggliitination. In a later publication (S) he states that 
by agglutinin absorption tests the R types of Br. suis were distinct 
serologically from the Br. abortus, 'Alarshall and Jared {10, p. SBI, 
323 ) describe R types of Brucella as follows; 

Older colonies sliowing definite rough papillae are so sliarph defined as to war- 
rant little description. They are decidedly opaque and granular, and have irregu- 
lar edges. * ^ * The B, colonies used were usually larger and were distiiictiv 

more opaque than S colonies; their structure was more granular, relative to the 
homogeneous structure of S colonies; in confluent growth of colonies a very sharp 
mosaic of spindle and other zones of demarcated growth bounded by ares appeared 
* * * ; edges might appear irregular, although this w^as the e.vceptioii rather 

than the rule; crystals, not uncommon on stock colonies, were perhaps more 
frequently encountered on R colonies. Growth of R colonies was more rapid, a 
fair growth occurring in 24 hours. The outstanding features were increased 
opacity and granular central structure; in exceptional cases one might definitelv 


i ReeeiYed for publication, Apr. 2, 1932; issued March, 1933. Journal article No. 95 (n. s.) from the 
Michigan Agricultural Experiment Station. 

® Reference is made by number (italic) to Literature Cited, p. 279. 
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see these points macroscopically. * * * Cellular morpholog;y was not 

obsen-eci in great detail; the R type cells, however, appeared longer. 

Ill a rather extended study of dissociation, Zdrodowski, Breim, and 
Toskressenski (75, p. 793) describe R types as follows: 

Les colonies rondes, mais moins bonbees et parfois presque plates, avec des 
contours irreguliers; leiir structure est grossiere, graiiuleuse; la pigmentation est 
verdatre. Les cultures sur gelose s’emulsioiiment mal dans la solution de NaCi; 
leur emulsion n’est pas stable (agglutination spontanee) et foiirnit en general line 
thernio-precipitatioii positive d’apres Burnet. Les cultures en bouillon sont en 
iioccons et pen a pen s'eclaircissent en format un sediment, Le pouvoir agglu- 
tiiiogeiie est nul on tres faible. Les cultures sont avirulentes on tres faiblement 
viriilentes pour les cobayes. 

Soule (12) claims to have obtained typical R types as well as 

iiuicoid forms. 

HISTORY OF CULTURES 

The ciiltiires used in these studies were obtained from I. F, Huddle- 
son from the central Brucella station. The history of the cultures 
follows : 

Brucella abortus 1. — This culture was obtained from the Bureau of Animal 
Industry, United Stated Department of Agriculture, prior to 1915. The source 
and date of isolation are unknown. 

Br, abortus 2 and 3, — These organisms were isolated from aborted fetuses in 
1915 from herd A at Michigan State College. 

Br. abortus 4 - — This strain was isolated from the udder of a cow from experi- 
mental herd of Michigan State College in 1915. 

Br. abortus 5. — This culture was in the laboratory stock cultures prior to 1915. 
The source and date of isolation are not known. 

Br. suis 400. — This culture was obtained from Dr. Don M. Griswold, of the 
Michigan Department of Health. It was isolated from a boar’s testicle. The 
date of isolation is not known. 

Br. suis 401 and 407. — These cultures were obtained from Purdue University. 
Culture 401 was isolated in 1925. The source and date of isolation of culture 
402 are imkiiown. 

Br. suis 404 4O0. — These cultures were obtained from J. W. Connaway, of 

the University of Missouri, in 1922. Culture 404 was isolated from a premature 
fetal pig from a naturally infected sow in 1922. Strain 405 was isolated from 
swine. Tlie date of isolation is unknown. 

Br. suis 40s . — This strain was obtained from Professor Good, of the University 
of Kentucky. It was isolated from a hog. The date of isolation is unknown. “ 

Br, melitensis SOL — This organism was isolated by J, P. Torrey. The date of 
Isolation is not known. 

Br, melitensis 312, 315, and 316. — These cultures were obtained from Doctor 
Burnet, of the Pasteur Institute, Tunis, Algeria. Tbev were isolated from cases 
of liiidiilaiit fever. Culture 316 was isolated in 1929. 

Br. meliieusis No. 318 . — This organism was received from K. F. Mever, of the 
William Hooper Foundation of the University of California. The source and 
date of isolation are not known. 

EXPERIMENTAL PROCEDURE 

BACTERIOLOGICAL STUDY OF THE CULTURES 

Prior to the dissociation studies presented in this paper, all the 
ciiltiiresyiised were plated repeatedly to eliminate all possible con- 
tamination and to reduce the possibility of mixed strains in the same 
culture. The pure-line strains thus obtained 'were then studied 
eiiltiiially, physiologically, and serologically to check their identity 
as to type. Carbohydrate fermentation tests were, made on glucose, 
niannitol, .maltose, sjicrose, and lactose. Serological tests 'were made 
by test-tube agglutination method- using a positive Brucella abortus 
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seriiiii. Smears were made on liver infusion agar to determine colon}^ 
appearance. For comparative purposes, it was deemed advisable 
tliat all st^rains should be typical smooth forms. All cultures were 
classified as to species by mean^ of^dye sensitivity (Huddleson (7)) 
aiici hydrogen sulphide production (Huddleson and Abell {8)). All 
the strains were typed as named, and no atypical results were obtained 
that would indicate the presence of any contamination or mixed 
strains of Brucella. 

The extreme care exercised in identifying and purifying the cuitiires 
selected for study is indicated here to show that the cultures were all 
pure-line strains of Brucella. This preliminary stud}- was made to 
eliminate contamination as effectivefy as possible, particularly as 
the data presented later in this paper revealed the fact that the K 
types of Brucella were culturally, antigenically, physiologically, and 
niorphologically different from their S prototypes. 

METHODS USED TO INDUCE MICROBIG DISSOCIATION 
Experiment 1 

Growing S strains in the presence of 10 per cent S antiserum has 
caused dissociation in such groups as the paratyphoid, pneumococci, 
and spore-forming bacilli, as well as many others. Accordingly, tliis 
method of producing E types was tried. All the cultures of the 
Brucella group were seeded into 10 per cent S antiserum broth, trans- 
ferred serially, and plated at intervals of 48 hours. A second series of 
these cultures was aged in 10 per cent S antiserum broth and plated 
at weekly intervals. Colonies that showed rough colonial appearance 
were planted on liver agar slants and studied for stability of type 
before they were classified as rough forms. 

Table 1. — Dissociatum changes by members of the Brucella group induced by grotving 
in 10 per cent S ajitiserum broth 

[Plated at intervals of 4S hours] 
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111 tlie series transferred every 48 hours (Table 1) no rough forms 
of Brucella abortus were foimd after 18 serial transfers. An opaque 
granular type colony which Marshall and Jared call E forms, but 
which the authors designate as opaque smooths (OS), was observed 
in the eleventh transfer, in all five strains studied. These forms per- 
sisted throiigiiout the experiment, with a complete disappearance of 
the S colonies. In the case of Brucella suis, only one strain (No. 408) 
produced an E form. This appeared after the fifth transfer. The 
other five strains of Brucella suis produced OS forms after the eleventh 
transfer. Two of the Brucella melitensis strains (Nos. 301 and 318) 
produced E forms after the twelfth and fifteenth transfers, respectively. 
The remaining three strains of Brucella melitensis produced OS forins 
after the eleventh transfer. In the series that was aged and plated 
at weekly intervals, similar results were obtained. 


Experiment 2 

Hadley (S') has been quite successful in inducing E forms in mem- 
bers of the paratyphoid group through the agency of lithium chloride. 
This method was followed in this experiment. Tubes containing 1 
per cent solution of lithium chloride in veal broth were seeded wuth 
the various strains of Bnicella used in the previous experiment. These 
cultures were transferred weekly, at which time they were plated on 
liver infusion agar. The experiment was carried through a period of 
10 weeks. The data are presented in Table 2. The results are similar 
to those obtained by the use of 10 per cent S antiserum broth, except 
that J5ri/cef/a rnelitensis 301 failed to produce R forms. All strains 
readily produced the OS type. In general, the use of 1 per cent 
lithium chloride was not so satisfactory a dissociation incitant as was 
the 10 per cent S antiserum broth. 


Table 2. — Dissociaiion changes by members of the Brucella group induced by growing 
in 1 per cent lithium chloride broth 
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« S^smooth, tyi>e; OS =smoot]i-opaqoe type; SR=smooth and rough type; R=rough type. 
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Expeeiment 3 

It lias been the experience of many laboratory workers with Brucella 
that frequently old agar slant cultures give rise to abnormal growth. 
For this reason, agar slant cultures were incubated at room tempera- 
ture for a period of six weeks and were then transferred to veal in- 
fusion broth. With the hope of encouraging any rough tendencies in 
the strains induced by aging on agar for six weeks," the veal-broth 
cultures were aged for a period of eight weeks. At intervals during 
this latter aging period, these cultures were smeared on liver infusion 
agar to detect any changes that might have occurred. The data are 
presented in Table 3. At the end of 6 weeks, 3 cultures of Brucella 
abortus (Nos. 1, 4, and 5), and 5 of the 6 strains of Brucella: suis were 
rough. Only strain 401 remained S type throughout the e.xperiment. 
Three of the five strains of Brucella tnelitensis became rough, wliile 
strains 312 and 315 remained S type. 

T-I-BUE 3. — Dissociation changes hy members of Brucella group induced by agar 
or liver agar slant then transferred to 'plain broth 


[Slant cultures were incubated at room temperature for six weeks] 



The results obtained by this process of dissociation were quite 
siiccessfiilj as measured by the large proportion o^ the cultures that 
became rough and the slight amount of dissociation induced by 
the other incitants used. 

The Brucella group, as a whole, seems to be yery difficult to dissoci- 
ate, as evidenced by the data obtained, and also by further experi- 
ences of the senior writer. The difficulty of dissociating members of 
the Brucella group is quite in contrast with the ease of dissociating 
those of the colon-typhoid group. 

Certain ciiltiires were refractory to dissociation incitants. Iii 
fact, 2 strams of Bmcella abortus ^ 1 strain of BruceUa suis^ and 2 
strains of BruceUa tnelitensis never gave evidence of rough colonial 
characteristics, unless the ability to produce the OS colony is con- 
sidered as a rough type. The writers are inclined to minimize the 
significance of this colony as a stable rough type, because all of these 
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forms that were studied were decidedly transitory as was^ indicated 
.|)y their rapid return to S types by repeatecl transferring on liver 
ii fusion agar and by the preponderance of the S character in colonies, 
fhe writers believe that such forms may be obtained that would be 
cpiite stable. The organism used as a vaccine by Huddleson (6) may 
he such an organisin." It has been the belief of the senior author tnat 
these ^ -unis are not rough, as measured colonial appearance, but 
arc' a sriiooth type that has lost, to a large extent, the antigenic 
properties of an S form with a complete loss pf pathogenicity. The 
iiiisuroessfiil attempts to dissociate these strains seem to confirin the 
sttitenient of the senior writer (Alallmann (9)) that certain S strains 
of tlie ]>ara typhoid group were unable to dissociate into rough types. 

Further work on the Brucella group, since the completion of these 
studies, indicates that most of the Brucella strains studied were re- 
ira ctory to dissociation. 

studies of r strains 

COLONIAL APPEARANCE OF R CULTURES 

The coloiiial appearance of the R cultiires of Brucella is very similar 
in type to the R forms of the Salmonella group. The colonies of the 
extreme or true R forms are characterized hy a very irregular contour, 
the edges being extremely jagged, resembling the usual soil-spore- 
former colony. The surface of the colonies is oceasionali}^ wrinkled, 
Hat, and spreading, with a dull appearance. Some of the colonies 
nive a brownish tinge, which becomes more marked with age. The 
*ough colonies are shown in Plate 1. 

MORPHOLOGY AND STAINING REACTION OF R CUI.TURES 

XIorplKilogically, all the R strains of Brucella differed inarkedly 
from the S strains, although there was no constancy of shape and size 
among the R forms. The R forms were, without exception, larger 
than the S forms, sometimes from three to five times larger. In 
general, the R forms were long rods, veiy granular in structure, 
markedly pleomorphic, with a tendency to produce chains. Marshall 
and flared (JO) state that the R forms they studied were somewhat 
larger than the S forms. Photomicrographs of the R forms are also 
shown in Plate 1. In all instances, staining reactions with Gramms 
stain were similar to those of the original S forms. In fact, Grain's 
reaction was used as a means of identification, to the extent that all 
colonies giving posit ve Grain’s stain were discarded as being probabty 
contaminated. 

BIOCHEMICAL STUDIES OF R STRAINS 

Short!}’ after isolation, all R strains selected for study ^yere repeat- 
inily p’ated on liver-infusion agar to determine their stability and to 
iiisiire the elimina of any contamination by foreign organisms 
and S strains of the organism that might have been carried over in 
fishing the colony. The strains thus treated were then examined, 
for their beliavim* on dye plates, production of hydrogen sulphide, 
fermentative ability, and antigenic properties. ■■ ■ 

Behavior on Dye Plates 

Dye plates conta'niiig thionin and basic fuchsin, respectively, 
w€u*e prepared according to the directions of Huddleson (7) i The 
plates were seeded with heavy suspensions of 48 to 72 hour liver- 
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Rough colonies of Brucella: A, Br. mis, strain 402R (X 30); B, JBr. abortus, strain 4R (X 30) 
G, Br. mektmsis, strain 301R (X 60). Photomicrographs of B strains of Brucelia; D, Br.stiis 
strain 404R (X 736); E, Br. abortus, strain 4R (X 736); F, Br. ■meHtemis^ strain 316R (X 070) 
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iiifiisioii agar slant growths. The suspensions were obtained by 
wasliiiig the growth from agar slant cultures with small ainounts (>f 
sterile broth." The seeded plates were then incubated at 37° C. for 
4S hours, when the results were Recorded. All strains grew equally 
well ill both sets of plates. ^ It will be recalled that the smooth foriiis 
of BruceUa-aiorius are inhibited from growing by the action of tliioniii, 
wliile Br. suis is inhibited b}^ the basic fuchsiii. The R forms of all 
three species apparently had a marked tolerance for the dyes. Similar 
results were obtained by Marshall and Jared (10) for^heir opaque 
ofraniilar types. These experiments were repeated several times, using 
S forms of each species as a check, with identical results. The result^ 
indicate that the R forms could not be classified in a manner similar 
to that used for their S protoUqpes. 

Production of Hydrogen Sulphide 

The hydrogen sulphide production was measured by the method 
recommendecl by Huddleson and Abell (8). Strips of lead acetate 
paper were placed inside the tubes and held in position by tlie cotton 
stoppers, the paper extending slightly below the stopper. The agar 
slants were heavily seeded and incubated at 37° C. The strips of 
paper were removed from the tubes after 24 hours and replaced with 
fresh ones. This procedure was repeated for seven days. The R 
strains of Brucella abortus did not produce hydrogen sulphide as did 
their S prototypes. The R strains of Br. suis produced less hydrogen 
sulphide than did the corresponding S strains. 

The R strains of Br. melitensis behaved the same as the homologous 
S strains. The rough strains of the Brucella group, as shown by the 
hydrogen sulphide test, did not behave as do the S strains when 
tvped. 

SEROLOGICAL STUDIES OF R FORMS 

A serological study of the R forms was made^ to determine tlie 
relationship of the various R types and to determine their antigenic 
relationship to their homologous S types. 

Rabbits were immunized by the use of killed cultures of both R and 
Istrains of each species. Each anmial received a series of five injec- 
lions given at weekly intervals. Antigens of all rough and smooth 
strains were made, the organism being suspended in an 0.5 per cent 
phenolized salt solution. Cross-agglutinations studies were made 
on all these antigens using the different antiserums. The data are 
presented in Tables 4 anJ 5. The results show that Brucella m.eM~ 
tvish- and Br. suis R antigens wei'e agglutinated equally well by 
Br. melitensis and Br. suis R antiserums, and that Ih*. abo/tus 
R antigen was not agglutinated by either of these two R antiserums. 
As would be expected from the above results, Br. abortus R antiserum 
failed to agglutinate R antigens of Rr. melite^isis and Br. suis.'^ When 
rliose R antigens were tested with S antiserums, prepared by ininiiiii- 
i dig rabbits with the S prototypes of these R types, no agglutinatioii 
mdiiced, although the S forms were all agglutinated equally 
These data, together with the data on morphology, colonial 
. opearance, and physiological properties, einphasize the fact that the 
i. -' rains dealt Avith in this paper are R forms of a type similar to 
* 'se encountered in the typhoid-paratyphoid group. They do not 

'respond entirely to those described by Henry and by Alarsball and 
'* red. 
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No concliisioiis can be drawn from the behavior of the R strains 
as to their serological relations, because of the limited number of 
strains studied. The antigenic relationship of the R Brucella meli- 
tensis and R Briicella suis and the lack of relationship of the R Brucella 
abortus is interesting.- 

REVERSION OF R FORMS 

Because of the totally different characters of the R organisms 
studied, on the basis of their antigenic, morphological, and physiologi- 
cal properties, it was difficult to establish their identity as R "Brucella 
iiiitil they were returned to S forms with their original characters. 
The methods of reversion used are presented together with the charac- 
ters of the S organisms obtained. 

REVERSION BY RAPID TRANSFERRING AND AGING 

Soule (11) has demonstrated that an R type, when grown in the 
presence of 10 per cent R antiserum in broth, will revert to an S type. 
Slallmann (9) has demonstrated that the ability of an organism to 
revert under these conditions is dependent upon the stage or degree 
of roughness attained. If the organism carries a residual S character, 
the use of 10 per cent R antiserum in broth will induce reversion. It 
has been the experience of the senior writer that R types obtained 
by laboratory manipulation from S types can generally be reverted 
with little difficulty. The use of R antiserum was tried by two pro- 
cedures. In the first, the culture was transferred every 48 hours in 
10 per cent R antiserum broth and plated on plain liver infusion agar, 
and in the second, the cultures were aged in 10 per cent R antiserum 
broth. The results are presented in Tables 6 and 7. Strains No. 5R 
of Br ucella^ abortus and Nos. 408R and 405R of BruceUa suis reverted 
to S types in broth under the influence of rapid transferring and aging. 
Strain No. 405R of Brucella sms reverted under the influence of rapid 
transferring, but not by aging. Neither of the two strains of Brucella 
meliimsis reverted. There was no relation between the ability of an 
S strain to dissociate to an R type and its ability to revert. 

Table 6. — Reversion of R types of Brucella induced by rapid transferring in 10 

per cent R antiserum broth 
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Table 7. — 'Reversion of R lojpes of Brucella induced by aging in 10 per cent R 

antiserum broth 



E=roiigii type: S-sniootli type; O.S= smooth-opaque type. 


During the course of these experiments duplicate platings were 
made froni the 10 per cent R antiserum broth, using plain liver- 
infiision agar and 1-50,000 gentian violet liver-infusion agar. There 
appeared to be a marked tendency for the procluction of vS forms on 
the gentian violet inediimi. However, the forms thus induced 
reniained S type oiiR when kept on this medium. Transfer to plain 
liver-infusion agar caused a reversion to the R type, demonstrating 
that the S forms thus obtained were pseiidosmooth colonies. For 
this reason the results presented in the tables were taken from data 
secured on the plain liver-infusion agar. 

REVERSION BY ANIMAL PASSAGE 

Nunierous reports in the literature show that animal inoculation 
of R forms frequently causes reversion when other methods fail. 
Griffith was able to revert R forms of pneumococci to their 
lioiiioiogoiis S forms by injecting the R organism, together with the 
killed S organisms, siibcutaneoush" into white mice. This was con- 
firmed by Dawson (1). 

Two methods of revemion were attempted — the inoculation sub- 
cutaneously of living R cultures with the killed S prototype and 
the inoculation of living R cultures alone. The suspension of living 
cultures was prepared in the usual manner. The killed cultures 
were prepared by suspending the organism in 0.5 per cent phenolized 
0.85 salt solution and subjected to a temperature of 56^ C. for one. 
hour. The suspensions thus prepared were plated to check sterility. 
Equal amounts of living and killed organisms were mixed and diluted 
to a _ turbidity of 7 mm on the Gage nephelometer. Living R siis- 
peiisioiis were prepared in a similar manner. Guinea pigs were 
inoculated subcutaneously with the mixtures, of killed S and liAuiig 
R orga.nisnis, and with the Imng R organisms alone. A, series ,of 
foim iiijeytions was given, each; animal at weekly intervals. ■ The 
guinea pigs were ..killed and .examined- six weeks' after receiving the- 
last injection.. 
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Table S. — Reversion of R types of Brucella by animal inoculation 


Guinea 
pig No. 


3. 


4..- 


6 . 


Material in- 
jected 


Pathological changes 


Isolation of culture 
from 


lave Br. meU- 
316R. 
Dead Br. me- 
litenms 316S. 


Live Br. suis 
400R. 

Dead Br. suis 
400R. 


Live Br. abor- 
tus 4R. 

Dead Br. abor- 
tus 4S. 


Live Br. meli- 
tensis 316R. 


Live Br. suis 
4l)0R. 


Live Br. abor- 
tus 4R. 


(Liver, enlarged, many grayish-white, ] 

foci.. 

Spleen, numerous white foci | 

Testicles, normal 

Lung, greenish-black foci I 

Kidney, normal 

I Point of injection, large abscess J 

[Liver, normal ' 

Spleen, white foci 

Testicles, normal 

Lung, greenish-black foci -I 

Kidney, normal ! 

[Point of injection, abscess |, 

[Liver, many pearly white foci 

Spleen, enlarged i 

Kidney, normal | 

Lungs, normal j 

Left side of humerous filled with fibri- ! 

nous esudate 

'Liver, few white foci ' 

Spleen, normal.. 

Lung, normal 

(Testicles, normal 

Point of injection, small abscess 

Inguinal and cerical lymph nodes, 
swollen. 

[Liver, normal 

Spleen, normal 

I I Lung, abscess at left diaphragmatic 

lobe - 

Kidney, normal 

[Point of injection, abscess 

[ Liver, grayish-white foci 

Spleen, enlarged, pearly white foci. .. 

Lungs, few black foci 

Kidneys, normal. 

Inguinal and cervical lymph nodes, 
swollen 


iLiver, spleen, lung, 
' abscess. 


[Spleen, lung, abscess.. | 


^Liver, spleen, left axil- ' 
lary region. 


) Liver, abscess 


.Lting, abscess. 


, Liver, spleen, lung, j 
lymph nodes. | 


Organism 

isolated 


Br. melttemis 
(smooth). 


B r . suis 
(smooth). 


Br. abortus 
(smooth). 


Br. rnelitensis 
(smooth). 


B r . s u i s 

(smooth). 


Br. abortus 
(smooth). 


The aiitops}" records with the isolations are presented in Table 8. 
From the guinea pigs receiving the living R organisni and the killed 
S prototype J S strains were isolated from the liver, lung, spleen, and 
abscess at the point of injection. Smooth forms were also isolated 
from the guinea pigs receiving living R organisms alone; thus, both 
methods caused reversion of the R type to the S type equally well. 
However, the pigs receiving the killed S organism along with the 
living R organism showed more marked lesions and a more extensive 
diseased condition. In no instance was a rough form recovered. 

STUDY OF REVERTED R STRAINS 

The reverted R strains obtained hj animal inoculation were isolated 
and studied to determine their behavior as measured by the typing 
methods used for classif 3 dng smooth strains of Brucella. It was found 
that all the strains had reverted to their original type, as measured 
by the h^^drogen sulphide test and by their behavior on the thionin 
and basic fuclisin liver agar plates. All strains agglutinated the S 
immune serums, 

DISCUSSION 

The acceptance of methods of separating the Brucella group into 
species should not be considered as final until the effects of dissociation 
on such a grouping have been demonstrated. 
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Zdroclowski and his associates (IS) show that any serological classi- 
fication is wholly dependent on the phase of dissociation encountered, 
^vlarshall and Jared (10) found that the K type organisms failed to 
classify according to Huddlesoii on dye plates and hydrogen sulphide 
production. In "the work presented in this paper^ the R strains of 
Brucella failed to classify according to Hiiddleson’s methods of 
grouping. Howeverj the R forms of each species gave constant results. 
In 'Marshall and Jared's studies the species themselves varied on 
hydrogen sulphide production.^ The writers are of the opinion that 
pdre R strains are characterized by a constancy of biochemical, 
cultural, and antigenic properties, and that the results reported by 
Marshall and Jarki were due to the use of intermediate or partly 
rough types. This view is further sustained by their descripdons of 
the R types used. Their colonies were similar to those which the 
present writers designate as OS type and which appear in the early 
stages of impressed dissociation. This type of colony is the classic 
parameliteiisis tj^pe. The mere fact that a change in colony appear- 
ance occurs, coupled with a change in antigenic behavior, does not 
argue that such a colony is a rough form. In this group of organism, 
as well as in some other groups of bacteria, antigenic and physiological 
changes occur before a change in colony appearance; hence these 
latter characters can not he taken as a sole measure of roughness, but 
rather as indications of progressive change. The fact that antigenic 
and physiological clianges take place in the Brucella group as dis- 
sociation progresses from the S to the R state, and that these changes 
are rather gradual as measured hy degree of transformation, and 
further that the colonial shift in structure follows the antigenic and 
physiologic clianges makes any method of classifying this group 
unreliable, unless it is definitely "known that the organisms in question 
are true S type. This is particularly true of any serological classi- 
fication, especially as regards the agglutinin absorption method. 

The constancy and reliability of Huddleson's dye plate and hydro- 
gen sulphide production methods of classification, as regards S type 
organisms, is emphasized by this study. The fact that the R types, 
although having physiological and biochemical actions quite different 
from the S type, on reversion retiun to the same physiological and 
biochemical reactions, argues for a marked constancy of characters as 
represented by these tests. This work thus confirms that of Huddle- 
son. The variability of the results of other workers using these tests 
may perhaps be explained on the dissociative type of organism tested. 

SUMMARY 

Rough forms of Brucella were obtained by aging on liver-infusion 
agar slants, followed by further aging in nutrient veal broth. 

The rough forms of Brucella studied were similar to pure-line rough 
strains of the paratyphoid group. . 

Classification of S forms of Brucella by d^'^e plates ' and hydrogen 
sulpMde production does not hold for rough forms. 

Rough forms of Brucella were changed to S type by passage through 
guinea pigs. ' 

The value of typing S forms of BruceUa by dye plates and hydrogen 
sulphide is confirmed by the return of R types to their original groups 
by these two; methods. . 



Feb. 1, 1933 Studies on the Dissociation of the Brucella Group 279 

LITERATURE CITED 

fl) Dawson, A. M. 

1930. THE TRANSFORMATION OF PNEUMOCOCCAL TYPES. I. THE CONVERSION 

OF R FORMS OF PNEUMOCOCCUS INTO S FORMS OF THE HOMOLO- 
GOUS TYPE. Jour. Expt. Med. 51:99-112. 

(2) Griffith, F. 

1928. the significance of pneumococcal types. Jour. Hvg. 27: [113]- 

159. 

(3) Hadley, P. 

1927. MICROBIC dissociation; instability OF bacterial species with 

SPECIAL REFERENCE TO ACTIVE DISSOCIATION AND TRANSMISSIBLE 

autolysis. Jour. Infect. Diseases 40: 1-312, illiis. 

( 4 ) Henry, B. S. 

192S. SPONTANEOUS AND FORCED DISSOCIATION OF BRUCELLA ABORTUS 

(BANG). Soc. Expt. Biol, and Med. Proc. 26:101-102. 

® „ 

1929. ADSORPTION OF AGGLUTININS BY “r ’ VARIANTS OF BOVINE AND 

PORCINE STRAINS OF BRUCELLA .ABORTUS. SoC. Expt. Biol. Rlld 
Med. Proc. 27:8-10. 

(6) Huddleson, I. F. 

1924. STUDIES ON A NON- VIRULENT LIVING CULTURE OF BACT. ABORTUS 
TOWARD PROTECTIVE VACCINATION OF CATTLE AGAINST BOVINE 
INFECTIOUS ABORTION (BANG’S ABORTION DISEASE). Midi. 

Agr. Expt. Sta. Tech. BuL 65, 36 p. 

(7) 

1929. THE DIFFERENTIATION" OF THE SPECIES OF THE GENUS BRUCELLA. 

Mich. Agr. Expt. Sta. Tech. Bui. 100, 16 p., ilius. 

(g) and Abell, E. 

1927. A BIOCHEMICAL METHOD OF DIFFERENTIATING BRUCELLA ABORTUS 
FROM BRUCELLA MELITENSIS-PARAMELITENSIS. Jour. Bact, 13: 13. 
,(9) ]\Iallmann, W. L. 

1932. THE DISSOCIATION OF SALMONELLA PULLORUM AND REL.\TED 
SPECIES. Mich. x4gr. Expt. Sta. Tech. BuL 122, 40 p. 

(10) Marshall, M. S., and Jared, D. 

1931. MICROBIC DISSOCIATION IN THE BRUCELLA GROUP. Joiir. Illfect. 

Diseases 49:318-336, illus. 

(11) Soule, M. H. 

1927. MICROBIC DISSOCIATION IN B. suBTiLis. Jour. Bact. 13:41-42. 

( 12 ) 

1931. BACTERIOLOGICAL AND SEROLOGICAL FINDINGS IN BRUCELLA 
ABORTUS INFECTIONS IN ANIMALS AND MAN. IntematL Goilg. 

Microbiol. (1930) 1:606-607. 

(13i Zdrodowski, P., Brenn, H., and Yoskressenski, B. 

1930. ETUDE SUR LA FlJlYRE ONDULANTE EN AZERBAIDJAN RECHERCHES 

SPECIALES SUR LA GROUPE BRUCELLA MELITENSIS-ABORTUS. 

xA.nn. Inst. Pasteur 45:768-805. 




EFFECTS OF FORMALDEHYDE ON CERATOSTOMELLA 
FIMBRIATA AND THE SWEETPOTATO ' 

By R. F. Poole 

Plant PathologUt, North Carolina, Agricultural Ez'perlment Station 

INTRODUCTION 

The objective in disinfecting sweetpotatoes (Ipomoea batatas) is 
to obtain with one treatment a practical control of all major seed- 
boriie fiingous parasites including Monilochaetes injuscans E. and H., 
Fnsariwm batatatis WolL, and CeratostorneUa fimhnaia (E. and H.j 
Elliot. This does not necessarily involve destroying these organisms 
when in the tissues^ since diseased sweetpotatoes with the character- 
istic black spots are readily discarded by careful selection during the 
harvest and just before bedding. The destruetion of spores, wliicii 
are frequent^ abundant on the sweetpotato and gerniinate well in 
the plant bed, is of greater significance, since sweetpotatoes are soiiie- 
tiiiies contaminated with spores even when no symptoms of disease 
are discernible. 

Mercuric chloride and formaldehyde disinfectants have been used 
for some time in treating sweetpotatoes immediately before bedding 
them to germinate new plants. Some growers claim to have obtained 
good control of sweetpotato diseases in general with both chem- 
icals. Others have been disappointed, especially in the ineffeetive- 
iiess of formaldehyde against Monilochaetes infuscans - and Cemtos- 
tomelki fimbriata . Mercuric chloride is more widely recommended, 
but formaldehyde is suggested as a substitute by a number of investi- 
gators as a general disinfectant of the sweetpotato. The suggestion 
that fonnaldehyde be employed as a substitute for mercuric chloride 
has resulted in its use in many localities where it seems to be more 
readily obtained than mercuric chloride. However, as a general disin- 
fectant for the various fungi that attack the sweetpotato, preference 
is given to mercuric chloride. 

If formaldelnule is used as a disinfectant, 1 pint, containing 40 per 
cent gas, should be used in 30 gallons of water, and it is suggested that 
the sweetpotatoes be treated for 5 ^ or 15 minutes.'- Treatment for a 
period longer than 15 minutes in a solution of formaldehyde of tliis 
strength has been found to be injurious.*^ The sweetpotatoes should 
be washed after this ti'eatment.^ The strength of the formaldehyde 
and the length of the treatment used in disinfecting will not control 
black rot, the most important seed-borne disease of sweetpotatoes. 

It is the purpose of this paper to give the results of a study of the 
various dilutions of formaldehyde used and the length of treatment 
necessary to control the causal fungus of black rot and to discuss the 
injurious effects of the chemical on the sweetpotatoes. 

1 Received for publication Apr. 26, 1932: issued March, 1933. Paper No. 59 of the Journal Series of the 
North Carolina Experiment Station. 

2 Poole, a chemical, control of sweetpotato scurf. N, C, Agr. ,E,xpt. Sta. Tech. BiR,. 3S, 

52 ,p., illus. d„930. . 

5 Harter, L. ,L. sweetpotato diseases. U, S. Bept. Agr. ■ Fanners’ Bui. 714, 26 p., iiltis. 1916. 
(Superseded by Farmers’ Bui. 1059, 24 p., illus. 1919.) 

^ Taub,enhaus, J. J., and Manns, T, F. the diseases of the sweetfotatoand.th,:eir control. Del. 
Agr. Expt. Sta. Bui 109, 35 p., illus. 1915. 
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METHODS 

The White Jersey, a sport strain of a prolific Jersey variety which 
produces small white sweetpotatoes, was used in this study. This 
variety frequently produces 15 to 30 small sweetpotatoes on yach 
plant.* They are light colored and are most desirable for determining 
reaiiily the dark-brown spots produced by CeraiostomeUa fimbriaia. 
Those small sweetpotatoes were more readily handled in the experi- 
ment than larger ones would have been. All varieties of sweetpota- 
tfios, however, are verv susceptible to black rot. 

Twenty-five bushels of sweetpotatoes were used in the tests. When 
botli tlie’sweetpotato and the fungus \vere tested for tolerance to the 
chemical, wliole sweetpotatoes were used. When the tolerance of the 
fiiiigiis to the ehernical was tested, and when the sweet^potato was 
exposed to the cheiiiical less than one minute, cross sections approxi- 
mately oiie-lialf incli in thickness were used. 

The iiiociilum consisted mostly of hyaline conidia, but olive to 
brown conidia , ascospores, and mycelium were also present to a limited 
extent. Spores for the inoculations were produced in covered culture 
dishes on freshly cut cross sections of raw sweetpotatoes. The sec- 
tions were cut and immersed imniediately in a heavy spore suspension 
in water, drained well, and transferred to the dishes in liter amounts. 
The incubation period was four days, the minimiiin period for obtain- 
ing the maximum number of hyaline spores. In all the tests an ex- 
tremely large amount of inoculum was used. 

The iiiociilating medium was prepared by scraping spores from the 
sweetpotato sections and mixing them thoroughly with water. Equal 
quantities of the spore suspension were placed in containers of equal 
size, quart fruit jars or 1-gallon crocks. When whole sweetpotatoes 
were treated, 1-gallcn and 4-gallon crocks were used which contained, 
respectively, one-half gallon and 2 gallons of water and both spores 
and formaldehyde in amounts depending on the length of treatment 
and the quantity of sweetpotatoes. 

When the fungus and sweetpotatoes were treated simultaneously, 
the formaldehyde was added to the water, and after the solution had 
been stirred well, the sweetpotatoes were added. At tlie end of the 
d,esignated period of treatment, they were removed and immediately 
rinsed with water, By this method some spores were removed but 
never eiioiigli to aflect the results. The whole sweetpotatoes were 
incubated in glass-covered ciiltiire dishes for 10 days, but very accu- 
rate results were obtained by the eighth day. Through the glass 
covers it was possible to observe germination, which was as quickly 
obtained as wlien sweetpotatoes are bedded in sand, the practical 
iiiethod of seciiring new plants. 

Wien the fimgiis was tested for tolerance to the cheniical, freshly 
eiit cross sections of the sweetpotatoes were used to check the result, 
since the small percentages of spores that germinated in the liquid, 
.proved 'an imsatisfa.ctor}’" means of interpreting the results. . Aifter' 
the; designated period: of treatment, the chemical solution with the 
spores, was poured over the sweetpotatoes and iiR.niedia.tel.y returned 
to the original container. The sweetpotato. sections were always 
rinsed in water to remove the formaldehyde. 

An average temperature of 21°. C. was' used during the incubation 
period, since optimum growth of j/?m5fmto^isMmoduced 
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at that temperature/ The temperature during these tests Taried 
between 20^^ and 22"^. The relative humidity in the incubation con- 
tainers was kept at about 100 per cent. Sterile containers were used 
in all tests. An occasional contamination of Rkizopus nigricam 
occiirredj but only after the black-rot disease was well developed. 

A commercially pure grade of formaldeh^'^de containing 40 per cent 
gas was used in all the tests in this study, although in prelimiiiary 
studies one containing 37 per cent gas was shown to be only slightly 
less effective. 

Tap water from the city system was used. The reaction of this 
water varied between pH 7.5 and 9. This range favored the optimiim 
growth of Ceratosiomeila jimbriata. 

INJURIOUS EFFECTS OF FORMALDEHYDE AND WATER ON THE 

SWEETPOTATO 

The treatment of cut sections and whole sweetpotatoes with for- 
maldehyde was shown to have very injurious effects and also favored 
greater penetration of the tissues b^^ Ceratosiomeila fimbriaia. The 
cross sections of freshly cut tissues when washed thoroughly after 
treatment showed a tolerance of formaldehyde in strengths of 1-25 
for 5 minutes, 1-50 for 10 minutes, 1-75 for 15 minutes, 1-100 for 20 
minutes, and 1-200 for 25 niinutes. Even the sections of sweet- 
potato treated in these dilutions for the periods of tolerance given 
were later found to be more susceptible to Trichoderma, Rhizopus, 
Fiisaria, Penicilliiun, and other organisms than were other sections 
treated for the same period in water. The wdiole sweetpotatoes 
behaved in a similar manner, since the periderm tissue was not always 
sound even on those that appeared to be sound or at least free from 
prominent mechanical injury. Furthermore, the small adventitious 
or feed roots developing from the cambium seemed to indicate absorp- 
tion of the chemical as quickly as did the freshly cut tissues of the 
cross sections, (Fig. 1.) After establishing their tolerance limits to 
the greater strengths, sweetpotatoes were immersed for 6, 9, and 17 
hours in dilutions of formaldeh^^de in increments of 1 to 100 up to 
1 to 1,000. Severe injury, resulting mostly from water damage, 
followed all treatments including those in which cross sections of 
sweetpotatoes were immersed in vrater, for checks. (Fig. 2.) Obser- 
vations of sweetpotatoes in water-logged plant beds indicated that 
they are easily injured, especially before germination begins, but the 
iiijiiry that developed from soaking them for a few hours w^as not 
expected to be so pronounced. The sweetpotatoes germinated new 
plants, but these were frequently destroyed when the soft rots 
developed. (Fig. 3.) In 10 days after treatment some of the sweet- 
potatoes were soft and elastic in character but not decomposed. 
They gave a distinct acetic acid taste and smell. Others developed 
soft rots and were quickly decomposed. 

As a result of the injury caused by immersing sweetpotatoes in 
water, they showed a distinct grayish to brown discoloration just 
beneath and including the periderm and finally the whole sweet- 
potato. (Fig. 2.) Those immersed 4, 6, 9, an<l 17 hours in water 
later germinated well, but the rapid development of Trichoderma, 


^ LaITRITZEN, J. I. IKFECTION AND ■ TEMPERATURE RELATIONS OF BLACK KOT OF' SWEETPOTATOES IK 
STORAGE. Joiir. Agr. Research 33: 6m-673, illus. im 
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Rhizopii 3 , Fusaria, and Penicillium on the injured ones destroyed 
both sweetpotato and young plant. (Fig. 4.) 



FiGriiE 1. —Sweet potatoes showing circular dehydrated spots resulting from formaldehyde injury 



Figure 2,— Sections of sweetpotato: A, Healthy; showing breaking down, and browning and 
grajing of tissues, espetdally beneath the periderm tissue, as a result of water injury; C, showing 
■ blaek-rot symptoms 

The results of all tests clearly showed that the possibilities of a 
satisfactory use. of formaldehyde, for controlling Ceratosto?neUa_Jim- 
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Figuke 3.— Sweetpotatoes: A, Showing good germination after immersion in water for one minute: 
B, showing good germination, but with destruction of plants after the sweetpotato began to 
decay as a result of immersion in water for 17 hours 
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brkita iiiiist be based on sliort periods of immersion, possible control 
being establislied in the tolerance limits of the sweetpotato to^ the 
chemical^ since extended treatments with the chemical at more dilute 
strengths resulted in greater susceptibility of the sweetpotato to 
various soft rot-producing fungi. 

CONTROL OF CERATOSTOMELLA PIMBRIATA WITH VARIOUS DI- 
LUTIONS OF FORMALDEHYDE AFTER DIFFERENT PERIODS 
OP TREATMENT 

When formaldeh^nle dilutions of 1-100, 1-300, 1-500, 1-700, 
1 - 900 , 1-1,000, 1-1,200, 1-1,500, and 1-2,000 were impregnated with 
a heavy inoculimi of hyaline and brown conidia and ascospores of 

and incubated for five days at 20^^ to 22*^ C. 
there was a slight germination of the fungus in the 1-1,000 and more 
dilute solutions, but never enough germination for accurate estima- 
tion of the kill. Furthermore, there was no germination of spores in 
some solutions in which heavy infection was later obtained by trans- 
ferring the spores to raw sweetpotatoes. At the end of 10 days the 
imgerminated spores, which showed no injury microscopically, were 
transferred to freshly cut cross sections of sweetpotatoes in sterile 
fruit jars and inciibated for six days. The black-rot disease developed 
on sweetpotatoes inoculated 'with, spores subjected to the 1-900 
and 1-1,000 dilutions. 

Formaldehyde dilutions were then prepared in liter quantities 
beginning with 1-50, 1-75, 1-100, 1-150, and 1-200 up to 1-1,100 
and were used for treating the spores for various intervals. In order 
to handle these cultures on a uniform time basis for completing the 
inoculations at the designated period, spores were added to the sep- 
arate cultures at 1 -minute intervals. The spores were subjected to 
the formaldehyde for periods of K, 1, 4, 6, 9, and 18 hoims. Sweet- 
potatoes were then inoculated with spores that had been treated in 
the cultures for the various periods. The data given in Table 1 show 
the effectiveness of the treatments. 

Table 1. — Control of Ceratostomella fimhriata with various strengths of forinald e-- 
hyde for d liferent periods of 


I Length of time (days) when fungiis was observed after treatment with formaldehyde at 
Length of i dilixtion indicated “ f* 

treafment | ^ 


(hours) 

wo 

1-75 

i-ioo 

1--150 

L 200 

1-250 

1-300 

1-350 

1 400 

1-450 

1- 500 

1-550 

1-600 

Clieek 


0 

9 

9 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 



0 

0 

9 

9 

9 

8 

9 

6 

6 

4 

4 

4 

4 

4 

4 

! 0 

0 ’ 

0 

0 

9 

9 

9 

6 

6 

6 i 

6 

f) 

4 

4 

6 

; 0 

0 

0 

0 

0 

9 

i 

6 

9 

6 : 

6 

6 

6 

4 

9 

i 0 

0 

0 

0 

0 

0 

9 ' 

6 

8 

6 

fi 

8 

6 ! 

4 



0 

v; 

0 

0 

0 i 

0 

0 

i 

0 

0 

0 

0 

9 

9j 

4 


“ 0 indicates that no disease devloped. 40 sweetpotato sections duplicated used in tests. 


Black rot developed on the sweetpotatoes inoculated with spores 
taken from the formaldehyde dilutions of 1-550 to 1-1,100 after 
treatment for the various periods, which showed that the chemical 
at these sti-engths was not effective, even when the spores were treated 
18 hours. Table 1, therefore, includes only the results obtained with 
dOiitions of from 1-50 to 1-600 and the check. The number of days 
after inoculation required for the disease to develop on sweetpotatoes 
treated in the various dilutions for periods less than 18 hours, are 
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giyeii. At the eiid of 12 days no disease had developed on sATeetpo- 
tatoes iiiociilated Avitli spores treated for one-half hour in the 1-50 
diliition, for 1 hour in the 1-75 dilutioiij for 4 hours in the 1-100 and 
1-150 dilutionsj for 9 hours in the 1-250 dilution, and for 18 hours in 
dilutions of between 1-300 and 1-500. The ^^0 ” in this table indicates 
that no disease had deA^eloped at the end of the 12-day inciibation 
period. 

PERCENTAGES OF BLACK-ROT INFECTION OF SWEETPOTATOES 
DEVELOPING FROM SPORE INOCULUMS PROM 30 DILUTIONS 
OF DIFFERENT STRENGTHS AFTER DIFFERENT PERIODS OF 
TREATMENT 

The percentages of infection given in Table 2 show the effects of the 
strengths of the chemical on the fungus, and the differences obtained 
in the infections. The results partly explain wh}^ the chemical at 
some of the more dilute strengths in a few instances gaA^e less control 
than at those slightly stronger. There was no infection after treating 
the fungus one-half hour in dilutions of 1-25 and 1-50. Infections of 
4.2, 13.5, and 14.2, and 100 per cent were obtained when sweetpota- 
toes were inoculated with vspores treated for one-half hour in the 1-75, 
1-100, 1-150, and 1-200 dilutions, respectively. Some spores lived 
in the 1-100, 1-150, and 1-200 dilutions 1 hour, and a few Avere not 
killed in the 1-200 dilution after an immersion of 4 hours. When 
spores Avere tested after treatment in the 1-250 dilution for %, 1, 4, 6, 
and 9 hours, the infection AAurs 100, 15.6, 6.6, 3.2, and 0 per cent, respec- 
tively. Results of a similar character in the gradual reduction of 
viable spores are sIioaaui for each of the numerous treatments, which 
shoAv clearly that there is a marked variation in the resistance of the 
spores of this fungus to formaldehyde. 

Table 2. — Percentage of black-rot infection of sweetiwiatoes deuelo ping from, inocula- 
iio7is with spores that had been treated ivith various sirengths of formaldehyde for 
different periods of 


1 


I Percentnge infection of sweetpotatoes inoculated with spiores treated with 
j forniahlehyde for the period indicated 


Foriiialdeiiyde dilution used 



* 2 hour 

1 hour 

4 liours 

0 liours 

9 hours 

IS hours 

1 

„ 

0 

0 

0 

0 

0 

UoO 

0 

0 

0 

0 

0 

0 

1-75.. 

4.2 

0 

0 

t» 

0 

0 

!~1()0_. _ 

13.5 

2. 5 

0 

0 

0 

0 

1-150 . 

14.2 

3.8 

0 

0 

0 

0 


100.0 

. ,5 

.3 

0 

0 

0 

1-250 . , 

100.0 

15. (1 

f). 0 

3. 2 

0 

0 

J~3()0 . 

100.0 

25.0 

1. 0 

0. 2 

4. 1 

0 

1-350 „ , 

100.0 

30. 1 

4. 7 

2. 0 

0 

0 

1-400- _ ... ... 

100.0 

28. 3 

7.S 

3. 1 

0 

0 

1-450 

100. 0 

100.0 

5. 9 

3.7 

4. 1 

0 

1-7)00 . _ 

100.0 

too. 0 

13. 1 

5.9 

3. 0 

0 

1-550 .. __ 

1 100. 0 

100.0 

1 5. ,5 

0. 0 

5. 9 

2.0 

l-OOO 

1 100.0 

100. 0 

23.0 

11.5 

s! 3 

2. 3 

1-050 . . 1 

100.0 

100. 0 

13. 0 

"4.7 

4.7 

. ' 2. 4 

1-700 _ 1 

100.0 

100.0 

12. 4 

12. 5 ■ 

■ . 8. 6 1 

. 4. 3 

1-750 - - 

100.0 

100.0 1 

20. 0 

17.9 

9. 3 'i 

■3.'5 

l-SOO . . _ 

f 100. 0 

100,0 

20.0 

20. 0 

5. 0 

3.2 

l-Sol) . . . 

! 100. 0 

100.0 

20.0 

0. 6 

' ■ 4.1 

, 3,3 

i-yoo. ... ... . 

100.0 

100.0 

7. 3 

4.5 

■ 4.0.| 

3.1 

1-950 ... . . ... 

100. 0 

100.0 

13. 1 

7.1 

5.3 

3. 1 

I~1,0U0... 

100.0 

100.0 

23. 0 

10. 0 

12. 0 

10.0 

1-1,100... . . i 

100. 0 

100. 0 

40.0 

22. 5 

15.4 

7. 5 

1-1,200... 

100. 0 ! 

100.0 

100. 0 

1 3 1 . S 

20. 2 

3. 0 

1-1,300-.,. 

100. 0 

100.0 

100. 0 

10.0 

13. 6 

7.0 

1-1,500 

100.0 

100.0 

100. 0 

28. 9 

100.0 

8.3 

(d)eck 

100.0 

100. 0 

100.0 

100.0 

100. 0 

100.0 


" 40 sweetpotato .sections dui)Iieated used in tests. 
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Tlie results of trea,triieiit3' of all spores that developed on cut 
sweetpotatoes three and six days after inoculation indicated that the 
yoiiiiger- spores were less resistant to the chemical than were the 
older" spores, even of the same type. However, a more scientific 
explanation concerning* this relation must await the development of a 
satisfactory means of separating spores^ of different ages. The 
treatment was repeated three times, with similar results. The 
effects were most manifest on the margins or near points where control 
was almost obtained but always clearly defined as the time of treat- 
ment was increased. On the margins control was sometimes obtained 
in weaker dilutions, possibly because of a difference in spore resistance. 
In this test an infection per cent of diseased sweetpotatoes was 

obtained after spores were taken from the 1-300 dilution after a treat- 
ment of 9 hours, but no disease developed after inoculating them with 
spores from the 1-350 and 1-400 dilutions when the treatment was also 
9 hours. An average of 40 sweetpotato sections were used, and in 
most instances the low percentages shown here represent a single 
infection. It is, therefore, possible that the fact that weaker dilutions 
showed greater control for the same period of treatment than did a 
few slightly stronger ones may have been due to the sweetpotatoes 
failing to pick up the few spores that were not lolled. Furthermore, 
the few viable spores that survived after the longer treatments may 
also have been removed during the rinsing. The check inoculations 
showed uniform infection after the spores had remained 18 hours in 
water. Six consecutive inoculations with the same inoculum, similar 
in amount to that used in the treatments, showed heavy infections 
of equal intensity in the checks. 

EFFECTS OF FORMALDEHYDE IN VARIOUS STRENGTHS FOR 

DIFFERENT PERIODS OF TREATMENT ON CERATOSTOMELLA 

PIMBRIATA AND THE SWEETPOTATO 

Formaldehyde solutions in strengths of 1-300, 1-400, 1-500, 1-600, 
1-700, 1-800, 1-900, 1-1,000 and 1-1,100 impregnated with spores of 
Cemtostomella jimbriat^^ were prepared. Sweetpotatoes were treated 
in these solutions for 6, 9, and 17 hours. The spores and sweet- 
potatoes, therefore, were treated simultaneously for similar periods. 

Fornialdeliyde in 1-25, 1-50, 1-75, and 1-100 dilutions was used 
for treating cut pieces and whole sweetpotatoes. These treatments 
were based on the tolerance of the sweetpotato and the fungus to the 
chemical as shown in preHous tests. The length of the treatments 
was both less and greater than that shown to give control in previous 
tests. The results of treating whole sweetpotatoes, with the excep- 
tion of other shorter and longer treatments used, are given in Table 3. 
The disease did not develop on sweetpotatoes when the. spores were 
treated 14 minutes in the 1-25 dilution. There was 9,1 per cent 
infection after the 12-minute treatment, and even after the 1-miniite 
treatment some Idll was obtained as indicated by less than 100 per 
cent infection. The spores treated for 35 minutes in the 1-50 dilution 
developed 8.2 per cent infection but not any after treatment for 40 
minutes. Black rot developed on sweetpotatoes inoculated with 
spores treated for 65 minutes in the 1-75 dilution, but there was no 
infection from spores treated for 70 minutes. The 1-100 dilution 
lalled the spores after treatment for 100 minutes, but 18.1 per cent 
infection developed from spores that had been treated 90 niiniites. 
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The niimber of black rot spots developing on the sweetpotatoes 
inoculated with spores from the various solutions tended to increase 
with the greater dilutions of the chemical and with the shortening 
of the treatment from the point at which control was obtained. The 
check inoculation gave a maximum of 40 black-rot spots on sweet- 
potatoes. There wesre 7 spots on the sweetpotatoes after a l-minnte 
treatment of both fungus and sweetpotatoes in the 1-25 dilution^ 
3 spots after 5 niinutes, and 1 spot after 8 minutes. 

Injury resulted fronr the use of formaldehyde at all strengths when 
the treatment was given over a period of time sufficient to Idll the 
spores and persisted even when the treated sweetpotatoes were washed 
well in running water. 


Table 3. — -The effect on siveetpotatoes and the fungus Ceraiosioniella fimbriata of 
using formaldehyde of various strengths for different periods of time “ 


Formal 

deliyde 

dilution 

used 

Length 
of treat- 
ment 

Infec- 

tion 

pro- 

duced 

Maxi- 
mum 
num- 
ber of 
spots 
on po- 
tatoes 

Injury to sweet- 
potatoes 

Formal- 

dehyde 

dilution 

used 

Length 
of treat- 
ment 

Infec- 

tion 

pro- 

duced 

Maxi- 
mum 
num- 
ber of 
spots 
on po- 
tatoes 

Injury to sweet- 
potatoes 


Min- 





Min- 





■utes 

Per cent 




utes 

Per cent 




5 

aa. 0 

3 

Slight. 


45 

44.4 

3 

Severe. 


a 

50. 0 

2 

Do, 


52 

44.4 

3 

Do. 

1-25 

s 

10.0 

1 

Moderate. 

1—7^ 

00 

55. 5 

3 

Do. 


10 

12. 5 

1 

Severe. 

/ 0 « 

00 

13.3 

1 

Very severe. 


12 

9.1 

1 

Do. 


65 

S.3 

1 

Do. 


14 

0 

0 

Very severe. 


70 

0 

0 

Do. 


10 

100. 0 

4 

Slight. 


30 

100.0 

12 

Slight. 


15 

50. 0 

3 

Do. 


40 

100.0 

7 

Do. 


20 

ao. 0 

2 

Do. 


52 

100.0 

7 

Severe. 

1-50 

25 

11.1 

2 

Severe. 

1 lAA 

60 

100.0 1 

5 

Do. 


30 

12. 5 

2 ’ 

Do. 

x—lUU 

70 

ao.o 

2 

Do. 


35 

S.2 

1 

Very severe. 


SO 

20.0 

1 

Do. 


40 

0 

0 

Do. 


90 

18.1 

1 

Do. 


30 

i 100. 0 

a 

Slight. 


100 

0 

0 

Very severe. 

1-75 

35 

1 41. 7 

4 

Severe. 

Check... 


100.0 

40 

None. 


40 

1 ao. 0 

4 

Do. 







“ 40 whole sweetpotatoes in duplicate used in tests. 


SUMMARY 

A stud}" of the effects of different strengths of formaldehyde used 
for various periods in treating the fungus Ceratosiomella fimbriata 
(E. and H.) Elliot and the sweetpotato, shows that formaldehyde 
is not a practical or satisfactory disinfectant for sweetpotatoes and 
indicates that there is no safe strength and length of treatment that 
the chemical can be used for treating them. 

The spores of Geratostojneila fimbriata were controlled in formalde- 
hyde containing 40 per cent gas after 14 minutes in a strength of 
1-25, 40 minutes in 1-50, 70 minutes in 1-75, 100 minutes in 1-100, 
4 hours in 1-150, 6 hours in 1-200, and 9 hours in 1-250. 

Some spores were killed even in weak dilutions and after short 
periods of exposure to the chemical, whereas others required a much 
longer treatment, indicating greater resistance for the same type of 
spore. 
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Tlie sweetpotato wa..s severely injured by tlie cliemical in 1~25^ 
1“50, l“-75, I- 1.00, and 1~150 streng’tlis even at short exposures that 
d,id .not kill the spores. Treatments for four hours in 1-200^ l“-25(), 
and 1-300 dilutions did not control the fungus, a..nd tliis lengtli of 
treatment ca.:iised a de.finite breaking* down of the sweetpotato a.nd 
greater susceptibility to decay from other fungi. 

Sweetpotatoes injured by both chemical and water were A^ery sus- 
ceptible to Trichoderina, Rhizopus, Penicilliuin, Fusaria, a, 4 .i.d' other 
organisms wliicli frequently destroyed the sweetpotato or suppressed 
the germiiio.:tion of new plants. 


n <; RrMf!.'! 
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EFFICACY AND SAFETY OF ABORTION VACCINES PRE» 
PARED PROM BRUCELLA ABORTUS STRAINS OP 
DIFFERENT DEGREES OF VIRULENCE ^ 

By W- E. Cotton, Superintendent; J. M. Buck, Assistant Superintendent, and 
H. E. Smith, Associate Veterinarian, Experiment Station, Bureau, of Animal 
Industry, United States Department of Agriculture 

INTRODUCTION 

A considerable amount of research has been done during the last 
quarter of a century to gain more definite information on the value of 
biologies in controlling infectious abortion. Some of the results 
reported have stimulated hope that biological prophylaxis may even- 
tually be improved to such a degree that it wiU serve a useful purpose in 
the control of Bang^s disease. Other results have been less favorable 
and in some instances have even created doubt as to whether methods 
of combating the disease based on artificial immunization will ever be 
developed to a point where confidence can be placed in them. 

Favorable results in general have appeared to be confined to efforts 
to immunize by the use of abortion vaccines (suspensions of living 
Brucella abortus). Such vaccines, when prepared from virulent strains 
of Br. abortus, have commonly been administered only to nonpregnant 
animals on the theory that when subcutaneously administered to 
such animals the vaccinal infection would be overcome in a short 
time. Since they are incapable of conferring the disease, vaccines pre- 
pared from avirulent strains of Br. abortus have been administered to 
both pregnant and nonpregnant animals. 

As investigations of artificial immunization progressed, it was 
discovered that all nonpregnant animals do not resist or promptly 
overcome the vaccinal infection in their bodies when virulent strains 
are employed in the preparation of the vaccines. This fact was indi- 
cated by agglutination tests of blood and examinations of the milk 
of vaccinated animals. The danger of implanting Brucella abortus for 
prolonged periods by vaccination has seemed to be greater in cows 
with functioning udders than in virgin heifers. 

The possibility of causing an increased number of carriers of the 
abortion microorganism by vaccination has not been pleasing to 
contemplate, especially since it has been discovered that Brucella 
abortus may cause undulant fever in man. 

The use of avirulent strains in the preparation of vaccines would 
seem to eliminate the objectionable feature. It remains to be deter- 
mined, however, whether strains that have lost their disease-producing 
characteristics may not also have lost much of their efficacy as im- 
munizing agents. The possibility of- this has already been indicated, 
at least in some measure, by results of experiments made at the 
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Experiment Station in 1926 and 1928 with a pialUiumber of cattle.^ 
It was with the object of acquiring more definite information as to the 
comparative immunizing value of different strains of Br, abortus and 
their freedom from objectionable effects, a feature that had previously 
received limited consideration in a vaccination experiment with calves/^ 
that the experiment reported in this paper was undertaken. 

VACCINES USED AND TESTS FOR VIRULENCE 

The vaccines used in this experiment were prepared from three 
different Brucella abortus (bovine) strains, numbered 11, 19, and 484, 
representing three degrees of virulence. Strain 11 had been propa- 
gated on artificial culture media for 12 years; strain 19, for 6 years; 
and strain 484, for only 6 months. 

The method used for estimating the decree of virulence possessed 
by each strain consisted in inoculating guinea pigs both subcutane- 
ously and intra-abdominally with suspensions of the strains, killing 
the animals after about nine weeks, examining them for indications of 
Brucella abortus lesions, and making agglutination tests of their blood 
sera taken at the time of autopsy. Table 1 shows the results of 
inoculations obtained wdth vaccines prepared from strains 11, 19, and 
484, the dosages and intervals between inoculation and autopsy 
being similar. 

Although the guinea pigs inoculated with vaccine from strain 11 
yielded reasonably marked agglutination reactions, they did not 
show visible lesions of Brucella abortus infection at the time of autopsy. 
The guinea pigs inoculated with vaccine from strain 19 gave more 
marked serological reactions and a few animals showed moderately 
marked Br. abortus lesions. All the guinea pigs which received 
strain 484 gave pronounced serological reactions and showed extensive 
Br, abortus lesions. 


2 Cotton, W, M . efficacy of different strains of brucelda abortus as immunizing agents 
AGAINST INFECTIOUS ABORTION. .Tour. Agr. Research 45 : 705-724. 1932. 

3 Buck, J. M. studies of vaccination during calfhood to prevent bovine infectious abortion. 
Jour. Agr. Research 41 ; 667-689. 1930. 
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Table 1. — Guinea-pig-inocvlation results with three strains of Brucella abortus 

vaccine 


STRAIN 11 VACCINE (GROWN ON CULTURE AIEDIUAI FOR 12 YE IRS) 


Guinea 
pig No. 

Site of 
injection 

Date of 
injection, 
1929 

Date ani- 
mal was 
killed, 
1929 

Agglutination results at serum 
dilutions indicated « 

Autopsy findings 

1:25 

1:50 

1:100 

1:200 

1:500 

7788 ^ 

Abdomen. 

Apr. 23 

July 1 

+ 

+ 

+ 



No lesions. 

7789 

...do 

...do 

...do 

+ 

+ 


— 

_ 

Do. 

7790 

...do 

...do 

...do 

+ 

+ 




_ 

Do. 

7791 

...do 

...do 

...do 

■T j 


_ 



_ 

Do. 

7792 

...do 

...do 

...do 


+ 

+ 

_ 

_ 

Do. 

7794. 

Subcutis.. 

...do 

...do 

+ 

+ 

+ 



— 

Do. 

7795 

...do 

...do 

...do 

+ 

+ 

+ 

— 

_ 

Do. 

7796 

...do 

...do 

-_-do__.. 

+ 

4" 

+ 


_ 

i Do. 

7797 

...do 

...do 

i-..do.-_. 

+ 

+ 

T" 


— 

Do. 

7798 

...do 

...do 

i.-.do 

+ 

+ 

P 



_ 

1 Do. 

7799 

...do 

...do.... 

...do 

+ 



_ 

_ 

Do. 

7900 

...do 

...do 

...do 

P 

_ 

_ 

— 

_ 

Do. 

7901 

...do 

...do 

—.do 

+ 

+ 


+ 

+ 

Do. 

7902 

...do 

...do 

...do 

+ 

+. 

+ 

+ 


Do. 

7903 

...do 

...do 

...do 

+ 

+ 



— 

Do. 

7904 

...do 

...do 

...do 

+ 

+ 

4- 

+ 

+ 

Do. 

7905 

...do 

...do 

— .do 

+ 

+ 

+ 



Do. 


STRAIN 19 VACCINE (GROWN ON CULTURE MEDIUM FOR 6 YEARS) 


7740 

Abdomen. 

Apr. 23 

June 25 



-i- 

P 


No lesions. 

7741 

...do 

-.do 

...do 

+ 

+ 

4- 

4- 

4 

Do. 

7742 

— .do 

...do 

...do 

+ 

+ 

+ 

+ 


Carpal joints slightly en- 










larged. 

7743 

...do. 

...do 

...do 

+ 

+ 

4- 

P 

_ 

No lesions. 

7744 

...do 

...do 

...do 


-j- 

-f. 

4- 



Spleen slightly enlarged; tes- 








tides atrophied. 

7745 

...do 

--.do 

-.do 

+ 

+ 

4- 

4- 

4 

Testicles atrophied. 

7758 

Subcutis.. 

...do 

—do.-.. 

4“ 


4- 



No lesions. 

7759 

— .do 

...do 

...do 

+ 

+ 

4- 

4 

4 

Do. 

7760 

...do 

--.do 

...do 

+ 

+ 

4- 

4 

S 

Do. 

7761 

...do 

...do 

...do 





— 

Do, 

7762 

...do 

---do 

|...do 

1 + 

s 

_ 

_ 

— 

Do. 

7763 

— .do 

--.do 

...do 

+ 

+ 

— 

— 


Do. 

7764 

l-..do 

...do 

—do 

+ 

4- 

+ 

4 

4 

Do. 

7765 

...do 

...do 

...do 

+ 

+ 

+ 

4 

4 

Do. 

7766 

—do 

...do 

...do 

+ 

+ 

4- 

4 

4 

Spleen enlarged. 

7768 

...do 

--.do.... 

—do.... 

+ 

4- 

+ 


— 

No lesions. 

7769 

...do 

--.do 

...do.... 


+ 

4- 

4 

4 

Do. 


STRAIN 484 VACCINE (GROWN ON CULTURE MEDIUM FOR 6 MONTHS) 


7783 

Abdomen. 

Apr. 23 

July 3 

1 4 


b 

4 

4 

4 

Extensive lesions* 

7784 

...do 

— .do 

---do 

- 



b 

4 

4 

4 

Do. 

7786 

—do 

...do 

...do--.. 

4 

- 

b 

4 

4 

4 

Do. 

7787--.. 

...do 

...do 

...do 

- 

- 

„ 

b 

4 j 

4 

4 

Do. 

7906 

Subcutis.. 

---do 

---do 

- 

- 

- 

b 

4 

4 

4 

Do. 

7907 

...do 

---do 

...do 

- 

- 

- 

b 

4 

4 : 

4 

Do. 

7908.... 

—do ! 

— -do.--. 

do-_-_ 


- 

- 

b 

4 

4 ' 

-b 

Do. 

7909---. 

...do 

-.-do ! 

---do_-.- 


- 


b 

4 

+ 1 

4 . 

Do. 

7910.-.. 

...do 

— .do 

...do 

H 

- 

H 

b 

4 

4 

4 

Do. 

7911 

...do 

---do 

---do 


- 

H 

h 

^ 4 

4 

4 

Do. 

7912.-.. 

—do 

i--_do 

...do 

- 

- 


h 

4 

4 

, - 1 - 

Do. 

7913. 

--.do.- 

--.do 

— do--_ 

- 

r 

- 

r 

4 

4 

4 

Do. 

7914.-.. 

-—do 

---do 

---do— -- 

- 


- 


4 

4 

4 

Do. 

7915-.- 

...do 

---do 

--.do 

- 

- 

- 

- 

4 

4 

4 

Do. 

7916 

...do 

---do 

-.-do 

~ 

i- 

- 


4 

4 

4 

Do. 

7917.... 

-—do - 

---do 

---do 


r 

H 

h ' - 

4 

4 

4 

Do. 


(«) Key: += complete agglutination; F=partial agglutination; S = trace ol agglutination; and -=00 
agglutination. 


EXPERIMENT ANIMALS AND METHODS OF VACCINATION 

Thirty-six cows and heifers, all of “which were entirely negative to 
the aggliitination test for Bang^s disease, were used in the experiment: 
Three cows and six heifers received strain 11 vaccine; 3 cows and 6 
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heifers received strain 19; 3 cows and 6 heifers received strain 484; 
a..nd 9 heifers were reserved as controls. 

In the preparation of the vaccines, the strains were propagated on 
potato-agar slants in 18 mm tubes. The transfers were incubated for 
72 hours, after which the growths were washed off the mediupi with 
physiological saline solution. Twenty cubic centimeters of saline was 
used for removing the growth from each tube. 

To determine whether the size of dose was important in conferring 
immunity, different sized doses of vaccine were used. Four animals 
in each of the first three groups received, subcutaneously, the gmwth 
from 1 potato-agar slant suspended in 20 c c of saline. This vaccine 
represented a density of about ten times that of tube 1 of the McFar- 
land nephelometer. The same number of animals received in the 
same manner 10 c c of this vaccine diluted with 10 c c of saline. In all 
cases half the dose was injected under the skin in front of each shoulder 
rather than at one point in order to prevent, if possible, severe swellings 
at the points of injection. The one remaining animal in each group 
of principals received intradermically one-fourth c c of vaccine of the 
same density as that of the undiluted vaccine which was administered 
subcutaneously. Each of the vaccinated animals received but a 
single treatment. 

The vaccines were used on the day they were prepared and were 
proved to be viable by the inoculation of cultures and of guinea pigs. 

Temperatures of the vaccinated cattle were taken just before the 
administration of the vaccines and on numerous days thereafter to 
determine whether the degree of immunity conferred bore any rela- 
tion to the temperature reactions. The thermic reactions appear in 
Table 2. 

In general the temperatures appeared to rise gradually for three 
days after vaccination. Then they commenced to subside and three 
days later were again normal. 

On the first and. second days after vaccination, swellings which 
occurred at the points of inoculation in general were small, but on 
the third day most of them were from 2 to 3 inches in diameter and 
from one-half to three-fourths inch thick. After the third day they 
gradually diminished in size. 

The vaccine from strain 484 seemed to produce more local disturb- 
ance than that from either strain 11 or strain 19. In two animals 
receiving strain 484, there were indications of abscess formation at 
points of injection, although evacuation of abscess contents was never 
observed. At no time during the week after vaccination did the 
animals appear to be lacldng in desire for feed. 

Breeding was commenced two months after vaccination, but some 
diflaculty was experienced in getting all the animals with calf. The 
trouble was not confined wholly to the vaccinated stock but was 
experienced vdth the controls as well. It was necessary to substi- 
tute other heifers for several of the original controls. The breeding 
difficulties were considered to be partly due to the fact that even dur- 
ing the summer months it was necessary to use a good deal of hay 
instead of green feed as roughage. The keeping of accurate breeding 
records was interfered with to some extent by the failure of the animals 
to show signs of oestrus regularly or always to conceive when served, 
for, to facilitate breeding, the bull was eventually permitted to rim 
with the cattle during the entire day. 



rel). 15, 1033 


Efficacy and Sajety of Abortion Vaccines 


295 


Table 2. — Ternperahires of cattle immediately preceding injection and on six days 
after injection with three Brucella abortus strains 


GROUP VACCINATED WITH STRAIN 11 VACCINE (OF LOW VIRULENCE) 


Animal No. 

Preinjec- 
tion tem- 
perature 
on Apr. 

23 


Postinjection temperature 

on— 


Apr. 24 

Apr. 25 

Apr. 26 ; 

Apr. 27 

Apr. 29 

Apr. 30 

Cow: 


°F. 

°F. 


°F. 

°F. 

°F. 

1462 

102.6 

106. 2 

105.0 

106.2 

103. 0 

103. 0 

100.6 

1498__- - 

101.6 

103.0 

101. f> 

101.8 

101. 6 

101. 6 

101. 6 

1500 

102.4 

104.0 

101.8 

105.8 

103.0 

101. 8 i 

101.6 

Heifer: 








1441 : 

102.6 

105.6 

105.4 

105. 2 

103. 5 

103.8 

102. 4 

1492 ' 

102.4 

105. 8 

104.8 

105.6 1 

103.3 

102. 0 

101.0 

1493 

102.0 

106.0 

106. 2 

106.2 i 

103.8 

102 5 

101.6 

1507„ 

101.6 

104.6 

104.2 

106. 0 1 

104.4 

102 0 

101. 2 

1533, 

103.0 

106.0 

106. 2 

106. 0 i 

104.8 

103. 8 I 

100.0 

1536 - 

102. 6 

104. 6 

106.2 

106.0 

103. 8 

101.0 1 

101, 2 


GROUP VACCINATED WITH STRAIN 19 VACCINE (OF MEDIUAI VIRULENCE) 


Cow; 








1452 .1 

101.8 

103. 6 

103. 6 

105. 2 ; 

103. 2 i 

101. S i 

101. 2 

1490 - 

102.2 

102. 8 

101. 6 

102. 0 , 

101.8 1 

101. 6 

101.4 

1501 

102. 4 

104.6 

103. 8 

105. 0 : 

103. 2 

101. 0 

101. 0 

Heifer; 








1451 ^ 

101.6 

107.0 

105. 8 

106. 0 i 

103. 0 

102, 4 

102.0 

1495 

102. 0 

104.6 

104. 2 

105. 8 

104. 4 

101.6 1 

101. 6 

1505 

102. 0 

105.8 

106. 0 

105.4 

104.2 

101. 0 ' 

100.8 

1529,.. - - 

101. 8 I 

103.6 

106. 0 

105. 8 

104.4 

103. 2 ‘ 

102. 6 

1530 

101.6 

106.0 

105.8 

105. 2 

103. 2 

102. 2 ^ 

101.0 

1537 - --I 

1 

103.0 

105.8 

105.2 

106.0 

104.2 

302. 5 

102.0 


GROUP VACCINATED WITH STRAIN 484 VACCINE (OF HIGH VIRULENCE) 


Cow: 

1461 ! 

103.5 

105. 8 

106. 0 

1 

105. 6 ^ 

102. 2 

102. 2 

101.6 

1502 1 

102.0 

104.2 i 

104.6 1 

104 0 i 

102.8 

102. 4 

302.0 

1504 

102.8 

104.6 i 

104.8 

105. 8 1 

101.8 

101. 2 

102.4 

Heifei : 

1386. ' 

103.0 

106. 2 

106. 6 

106. 4 ^ 

105. 0 

103. 8 

102. 2 

1396-. 1 

103.0 

104.2 i 

105. 2 

104 5 i 

102. 6 

102.2 

101.6 

1491 - 1 

101.8 

105.8 j 

104.8 

105. 8 i 

102. 8 

102. 2 

301. 0 

1499 i 

102.8 

305. 0 

105. 6 

106. 0 

102. 4 

102.4 

101.4 

1528 - 1 

102. 6 

106. 0 

106.0 

105. 4 ' 

102. 0 

102. 4 

102. 0 

1532 

102.6 

106.0 

106, 6 

106. 0 i 

102. 0 

101.8 

101. 4 

i 



Since each group of cattle that received vaccines prepared from the 
different Brucella abortus strains contained three cows from which 
milk or other secretions of the udder could be obtained, steps were 
taken to determine whether the abortion microorganisms were elimi- 
nated from this organ after vaccination. It was planned to obtain 
composite samples of milk at weekly intervals and inject each of four 
guinea pigs intra-abdominally with o c c of each sample. Since none 
of the cows were being milked regularly it was sometimes difficult to 
obtain sufficient quantities of material for these inoculations. The 
first lot of samples was obtained one week after vaccination. ^ The 
collection and testing of milk or other udder secretions were continued 
for more than five months. 
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TESTS FOR BRUCELLA ABORTUS IN UDDER SECRETIONS OF VAC- 
CINATED ANIMALS 

The guinea, pigs inoculated with the udder secretions were killed 
approximately two months after inoculation. Agglutination tests ol: 
their blood sera and the autopsy findings furnished, the information 
on which the presence or absence of Brucella abortus in the samples 
was based. Table 3 presents the inoculation results. 

Table 3. — Results of guinea-pig-inoculation tests made with the milk or other udder 
secretions of nonpregnant coios vaccinated on April IBS, 1929 

cows VACCINATED WITH STRAIN 11 VACCINE (OF LOW VIRULENCE) 


1 Guinea-pig results on date indicated » 

Cow from I 


wbich udder 
secretion was 
obtained 

Apr. 

30 

May 

7 

May 

14 

May 

21 

May 

28 

June 

4 

June 

11 

June 

18 

July 

2 

Aug. 

13 

Sept. 

21 

Oct. 

21 

No. 1462 ' 



- 


- 

- 

- 

A 

- 

- 

I 

- 

No. 1498 : 


No. L500 

— 



cows VACCINATED WITH STRAIN 19 VACCINE (OF MEDIUM VIRULENCE) 


No. 1452 

i 


_ i 









No. 1490 


+ 

+ 

+ 

+ 

+ 

+ 

H- 


+ 

+ 

No. 1501 

1 

i 








— 


COWS VACCINATED WITH STRAIN 4S4 VACCINE (OF HIGH VIRULENCE) 


No. 1461 




j 

i + 



4- 

+ 

4- 


No. 1502 ~ 

— 

- 

+ 

+ 

+ 

H- 

+ i 

+ 

4- 

No. 1504 i - 


+ 

+ 

1 ^ 

+ 

+ 

+ 1 


+ 

+ 


« — indicates absence of Br. abortus infection in guinea pigs; -f indicates abortion disease acquired by 
one or more guinea pigs. 

Table 3 shows that the three cow^s wliich received the vaccine pre-* 
pared from the most virulent strain, No. 484, eliminated Br, abortus in 
their milk for an extended period. Cow 1490, which received intra- 
dermically one-fourth c c of vaccine prepared from the strain of 
paedium virulence, No. 19, also eliminated the abortion microorganism 
in her milk as long as these tests were continued, but no evidence was 
obtained that Br. abortus was present in the milk of the other two 
cows. Nos. 1452 and 1501, which x'eceived subcutaneously 10 and 20 
c c of Taccine prepared from tins strain. The milk of cow 1498, 
which received intradermically one-fourth c c of the vaccine prepared 
from strain 11, the least virulent of the three stimns used, on two 
occasions gave e^ndence of being slightly infectious for guinea pigs. 
Although the injections of her milk failed to produce visible lesions 
in the guinea pigs, these injections produced agglutination reactions 
of medium intensity in some of the pigs on two different dates. In 
none of the tests was any evidence obtained wdiich indicated that 20 
c c of vaccine prepared from strain 11 caused the milk of the other two 
cow^s, Nos. 1462 and^ 1500, to contain the abortion organisms. The 
results of these studies strongly indicate that intradermic injections 
of suspensions of Br. abortus may result in the implantation of the 
infection more frequently than subcutaneous injections and would, 
therefore, be seriously objectionable in vaccination procedures. 
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EXPOSURE OF EXPERIMENT ANIMALS TO BRUCELLA ABORTUS 

The difficulties that were encountered in getting all the vaccinated 
animals and controls pregnant at about the same time necessitated 
their exposure to virulent strains of Brucella abortus after pregnancy 
on different dates and to different strains of the infection. Final 
results were obtained, moreover, on but 23 animals of the vaccinated 
groups, whereas the number originally entered in the experiment was 
27. Two animals in the strain-11 vaccine group, cow 1500 and heifer 
1507, and one animal in the strain-19 vaccine group, heifer 1530, 
failed to become pregnant after many services. Cow 1461 in the 
strain-484 vaccine group died five months after vaccination. The 
cause of death could not be definitely determined. 

Thirteen principals and five controls were subjected to Brucella 
abortus exposure on October 19, 1929; 4 principals and 1 control, on 
February 24, 1930; 5 principals and 1 control, on June 10, 1930; and 
1 principal and 1 control, on October 22, 1930. One or more animals 
treated with each lot of vaccine were included among the number 
which received virulent Br. abortus exposure on each occasion except 
the last. 

The method of exposure employed to determine the degree of 
immunity which the vaccine conferred was a departure from the 
methods commonly used in vaccine experiments. ^ From three to 
four drops of a suspension of Brucella abortus, approximately 20 times 
the density of that of tube 1 of the McFarland nephelometer, was 
deposited on the conjimctiva of one eye of each animal. Since 
different animals were exposed on four different dates, it was important 
that suspensions of equal virulence be employed. In preparing the 
suspension for the first lot of animals, three strains of Br. abortus 
recently isolated from aborted fetuses were used. The suspensions 
represented the second, fourth, and fifth transfers, respectively, of 
these strains. For the second lot of animals, a single recently isolated 
strain of Br. abortus was used. This suspension was prepared from 
the tliird transfer of this strain. For the tliird lot, the third transfer 
of a single strain of Br. abortus was used, and for the fourth lot the 
second transfer of a single strain w^as employed. 

At times of calving or abortion, six guinea pigs were inoculated 
with emulsions of uterine fluid or placental material that had been 
emulsified. Each of six guinea pigs was also inoculated with a com- 
posite sample of 5 c c of colostrum. In cases of abortion, cultural 
studies were also made of the fetuses. Table 4 shows the immimizing 
results with the cows and heifers used in this experiment. The data 
show that of the 23 vaccinated cows and heifers for which final 
records were obtained, 21 produced apparently normal calves, 
whereas of the 8 controls 7 aborted. 

Of the seven animals which received strain 11, six produced vigorous 
calves. Brucella abortus isolated from the uterus and colostrum 
of one of the animals (No, 1533) and from the uterus of another (No. 
1536), which died while giving birth to a calf. Brucella abortus weiS 
not isolated from the uterus or colostrum of the other five animals of 
this group at the time of parturition. 
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Table 4. — Immunizing results ivith cows and heifers injected with vaccine prepared 
from Brucella abortus strains of different degrees of virulence, the animals later 
being subjected to artificial exposure to Brucella abortus infected materials 

GROUP VACCINATED WITH STRAIN 11 VACCINE (OF LOW VIRITLEiN'CE) 



Date of 






Results of 

Results of 



Date of 

Date of ex- 


Outcome of 

uterine ex- 

colostrum 

Animal 

vacei- 

Dose 


animation 

examina- 

No. 

nation, 

breeding 

posure 

period 

pregnancy 

for Br. 

tion for Br. 


1929 





abortus 

abortus 

Cow': 


Cc 



Days 




1462- . 

Apr. 23 

20 

fAug. 31,1929 
)Dee. 23,1929 

|Feb. 24,1930 

277 

Vigorous calf— - 

Negative— 

Negative. 

1498..' 

Heifer: 

--.do-.; 

i 

.25 ■ 

July 11,1929 

;Oct. 19,1929 

274 

do 

...do. 

Do, 


1 

...do 

1441..' 

...do : 

20 

Aug. 1,1929 

do. 

282 

1 do 

Do. 

1492- 

^_..do 

10 

/Aug. 17,1929 
(Jan. 9, 1930 

Ijpeb. 24,1930 

278 

do 

—.do 

.Do. 




— -do- 

1 Do. 

1493- 


20 

Mar. 26,1930 

i June 10,1930 

278 

! do.. 

1533- 

...do 

20 

Aug. 8, 1929 

Oct. 19,1929 

265 

do 

Positive— - 


1536- 

i 

'...do 

10 

(“) 

do 


1 Dam died dur- ■ 

...do 

1 Positive. 



1 ing calving. 

1 

1 


GROUP VACCINATED WITH STRAIN 19 VACCINE (OF MEDIUM VIRULENCE) 


Cow: 





1452- 

Apr. 23 

20 

June 

20, 1929 

1490- 

-.do—. 

.25 

(June 

(Uuly 

25, 1929 
2:1, 1929 

1501-. 

—do— 

10 

June 

12, 1929 

Heifer: 





1451.. 

^--do I 

1 20 

July 

27, 1929 

1495- 

—.do I 

i 10 j 

June 

17, 1929 

1505- 

i-.do— 

1 20 ' 

Nov, 

1, 1929 

1529- 

...do— j 

1 10 

fJan. 

lApr. 

29. 1930 

12. 1930 

1537- 

L..do ; 

i : 

10 , 1 

(D 


|| do 

do-,. — 

do-. 

do 

Feb. 24,1930 

}june 10,1930 
Oct. 19,1929 


1 279 

Vigorous calf... 

j 

Negative. J 

Negative . 

281 


Positive... 

Positive. 

272 

do... 

L-do 

Negative. 

275 

do 

...do ‘ 

Do, 

278 1 

do 

Negative.. 

Do. 

274 

do 

...do ‘ 

Do. 

278 


.—do 

Do. 


do 

...do 

Do. 





OHOUP VACCINATED WITH STRAIN 484 VACCINE (OF HIGH VIRULENCE) 


Apr. 23 

0. 25 

/June 14,1929 
(July 9, 1929 

JOct. 19,1929 
] 

288 

Vigorous calf—- 

Negative.. 



(June 13,1929 




-..do.-. 

10 

July 11,1929 
Oct. 15,1929 
iNov. 6,1929 

iPeb. 24,1930 

264 

Weak calf 

PovSitive... 

—do—. 

20 

(a) 

(V 

■July 20,1929 

Oct. 22,1930 
Oct. 19,1929 


Vigorous calf... 
do 

Negative.. 
...do... 

do.—. 

10 






Aug. 10,1929 




i 

— do— J 

20 

Oct. 31,1929 
Dec. 7, 1929 
Jan. 10,1930 
IFeb. 8,1930 

June 10 , 1930 

271 i 

! 


...do. 

- — do : 

10 

June 21.1929 

Oct. 19,1929 1 

280 

do 

L..do 

—.do.—; 

20 

Feb. 10,1930 

June 10, 1930 ' 

283- i 

do 

L--do.-„ 

—-do ! 

10 

Mar, 18, 1930 

do 

272 

do 

...do 

1 



Cow; 

1502.. 

1504- . 

Heifer: 

1386. 

1396., 


1491- 


1499. 

1528- 

1532- 


Positive. 

Do. 


Negative . 
.Do. 


Do. 


Do. 

Do. 

Do. 


CONTROLS, NOT VACCINATED 


Heifer; 

1427., 
,14.29... 

1447.. 

1489.. 

1548., 
: 1446.,. 

1625- 

' 1584.. 


May 27,1929 
June 6, 1929 
{May 8,1929 
(June 21, 1929 
June 21,1929 
(“) 

Sept. 3,1929 
Apr. 2, 1930 
Dec. 5, 1929 
Apr. 3, 1930 
July 16,1930 


Oct. 19,1929 
do 

^ do 

1— -do- 

do,— — 

Feb. 24,1930 
June 10,1930 

Oet. 22,1930 


275 

218 

158 

177 

'195 

157 

181 


Vigorous calf-. -I 
Abortion.,.. 


do— 

-.--do-,^ ... 

do.— —.-I 

i 

do....—. 

do 


Positive.. 

...do...... 

...do. 



-_.do— ... 
,..do--,— 
—do—. 

--.do.—.--] 


Positive. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 


« No record. 
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The eight animals of the second gi'oup, which received strain 19, 
gave birth to eight vigorous calves. Brucella abortus was isolated 
from the uterus and colostrum of animal 1490 and from the uterus 
only of animals 1501 and 1451. 

i'he animals of the third group, which received strain 484, produced 
one weak calf_ and seven vigorous calves. Brucella abortus was 
isolated at the time of cahdng from the uterus and colostrum of animal 
1504, which produced the weak calf. It was also isolated from the 
colostrum of animal 1502, but it was not isolated from the uterus or 
colostrum of any of the other animals of this group. 

Of the eight animals in the control group, one produced a vigorous 
calf. Brucella abortus was isolated from the uterus and colostrum of 
all of the eight at the time of calving or aborting. 

In no instance was the placenta retained by any of the vaccinated 
animals, except No. 1536, which died while expelling what appeared 
to be a full-term fetus. The placenta was retained by five of the eight 
controls. 

Detailed records of the individual animals for which either calving 
or aborting data w^ere obtained are showm in Table 5. 

Tabi.e 5 . — Records of individual experimental animals “ 
VACCINATED COW 1462 


Date 


Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used ^ 


Remarks 



0.04 

0.02 

0.01 

1 

i 0.005 

0.002 

0,001 

Apr. 10, 1929—. 


_ 

- 

_ 

— 


— 


Apr. 23, 1929—. 

- 


- 

- 

_ 

— 

— 

— 

Apr. 30, 1929—. 


4’ 

+ 

-h 

+ 

4- 

May 7, 1929 

! -f 

4 

+ ' 


+ 

+ 

May 14, 1929.— 

+ 

+ 

4- 

+ 

4- 

4- 

May 21, 1929—. 

+ 

4" i 

4" 

4’ 

P 

— 

June 4, 1929 

-f 

4- 

4- 

4- 

S 


— 

June 18, 1929..,. 

+ 

+ 

4- 

— 

— 

July 2, 1929----- 

-f 

+ 

4- 

P 

— 

— 

July 17, 1929-.- 


4- 

+ 

P 

— 

— 

July 31, 1929— 

+ ! 

4- 

4- 

— 

— 

— 

Aug. 27, 1929 

4- 1 

4* 

4- 


— 

— 

Sept 11, 1929..- 

■4 

+ 


— 

— 

— 

Sept. 24, 1929..- 

+ 

4 

4- 

— 

— 

— 

Oct. 8, 1929 

4" 

4- 

— 

— 

— 

— 

Oct. 21, 1929 — 

4- 

P 

— 

*— 

— 

— 

Nov. 6, 1929 

+ 


1 

— 

— 

— 

— 

Nov. 19, 1929-.- 

+ 

+ 

— 

— 

— 


Dec, 19, 1929— J 

4" 

4' 

s 


— 

— 

Jan. 8, 1930 

4“ 

+ 

— 

— 

— 

— 

Feb. 5, 1930 

P 


- 

— 

— 

— 

— 

Mar. 5, 1930 1 

-1 

- 

-J 

- 

— 

— 

■— 

— 

Mar. 19, 1930... 

H 

- 

"1 


4- 


— 

— 

Apr. 2, 1930.— 


- 


- 

S 



— 

Apr, 22, 1930— J 

4- 

J 

- 1 

P 

— 

— 1 


May 17, 1930-... 1 

+ 

H 

- j 

+ 

s 

_ 

— 

June 17, 1930-.. 

+ 

H 

- 

4* 

S 

■ — 

. — , 

June 28, 1930— 

+ 

H 

h 

4- 

p 

— 


July 16, 1930.... 

4- 

H 

h 

4- 

p 

— 

— 

Aug. 19, 1930— 

4- 

H 

h 

+ 

s 

— 

— 

Oct. 2, 1930. 

4- 

H 

h 

4- 

— 

— 

— 

Nov. 11, 1930 — 

4- 

H 


P 

— 

1 



Apr. 23, 1929, subcutaneous injection of 20 c e 
abortion vaccine {Brucella abortus strain 11). 
Apr. 30, 1929, milk negative for Br. abortus. 

May 7, 1929, milk negative for Br. abortus. 

May 14, 1929, milk negative for Br. abortus. 

May 21, 1929, milk negative for Br. abortus. 

May 28, 1929, milk negative for Br. abortus. 

June 4, 1929, milk negative for Br. abortus. 

June 11, 1929, milk negative for Br. abortus. 

June 18, 1929, milk negative for Br. abortus. 

July 2, 1929, milk negative for Br. abortus. 

Aug. 13, 1929, milk negative for Br. abortus. 

Aug. 31, 1929, bred. 

Sept. 21, 1929, milk negative for Br. abortus. 

Oct. 21, 1929, milk negative for Br. abortus. 


Dec. 23, 1929, bred. 

Feb. 24, 1930, received Br. abortus, eonjunctival 
exposure. 


Sept. 26, 1930, produced a vigorous calf (277 days); 
guinea pigs inoculated with uterine material 
and colostrum failed to acquire abortion disease. 


« Explanation of symbols; The plus sign indicates complete clumping of bacteria; P, partial clumping; 
S, trace of agglutination; minus sign, no evidence of clumping. 

^ Figures at head of columns indicate cubic centimeters of blood serum. They represent approximate 
dilutions of 1 to 25, 1 to 50, 1 to 100, 1 to 200, 1 to 500, and 1 to 1,000, respectively, with the amount of antigen 
(1 c c) used. 
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Table o . — Records of individual experimental animals — Contiiiuecl 

VACCINATED COW 1498 


I Agglutination results when riuantity 
I of blood serum (cubic centimeters) 
^ i indicated was used 

Date 


Remarks 



0.04 

0-02 

0.01 

0.005 

0.002 

0.001 


Apr. 10, 1929„-. 

_ 

_ 

__ 



_ 



Apr. 2.i, 1929, intradermic injection of 34' c c abor- 

Apr. 23, 1929.,_. 

— 

_ 

— 

__ 

— 

— 

tion vaccine {Br. abortus strain 11). 

Apr. 30, 1929_„- 

+ 

4- 

+ 

P 

— 

— 

Apr. 30, 1929, milk negative for Br. abortus. 

Alay 7, 1929 

+ 

4- 

4- 

4- 

4- 

+ 

May 7, 1929, milk negative for Br. abortus. 

Alay ii, 1929-_- 

+ 

4- 


4- 

4~ 

4* 

A'lay 14, 1929, milk negative for Br. abortus. 

May 21, 1929„_. 

4- 


4- 

"h 

4~ 

P 

Alay 21, 1929, milk positive for Hr. abortus. 

June 4, 1929 

+ 

~r 

4" 


4- 

4* 

Alay 28, 1929, milk negative for Br. abortus. 

June 18, 1929..._ 


+ 

P 

P 

P 

P 

June 4, 1929, milk negative for Br. abortus. 

July 2. 1929 

+ 

■4- 

4- 

4- 

4^ 

4- 

June 11, 1929, milk negative for Br. abortus. 

July 17, 1929—. 


-i- 

4- 

4- 

+ 


June 18, 1929, milk positive for Br. abortus. 

July 31, 1929_... 

+ 

A- 

4- 

p 

— 

_ 

July 2, 1929, milk negative for Br. abortus. 

Aug. 27, 1929—. 

-1- 

+ 

4- 

4- 

S 

— 

July 11, 1929, bred. 

Sept. 11, 1929- 

+ 

4- 

4- 

4“ 

— 

— 

Aug. 13, 1929, milk negative for Br. abortus. 

Sept. 24, 1929. 

4- 

t i 

4- 

4“ 

— 

— 

Sept. 21, 1929, milk negative for Br. abortus. 

Oct, S, 1929 ^ 

4- 

4- 

P 

P 

— 

— 

Oct. 19, 1929, received Br. abortus, conjunctival 

Oct, 21, 1929—.! 

4- 

-4- 

t- 

S 

— 

— 

exposure. 

Nov, 6, 1929 

4” 


! 4“ 

4- 

— 

— 

Oct. 21, 1929, milk negative for Br. abortus. 

Nov. 19, 1929..- 

4- 

4" 

P 

P 

— 

— I 


Dec. 19, 1929_.-- 

4- 

4* 

4- 

4- 

— 

— 


Jan. 8. 1930 

4- 

+ 

f 

4“ 

— 

_ i 


Jan. 22, 1930 

4" 


4- 

— 

— 

— 


Feb. 5, 1930 

+ 

-f- 

4- 

4" 

i 

— 


Feb. 19, 1930_... 

4“ 

4- 

t 

4 



— 


Mar. 5, 1930 

4" 

+ 

_j_ 

4- 

— 

— 


Alar. 19, 1930... 

4" 

4- 

P 

— 

— 

— 


2Vpr. 2, 1930 

4- 

4- 

+ 

P 

— 

— 

Apr. 11, 1930, produced a vigorous calf (274 days) ; 

Apr. 16, 1930-.,- 

4- 

4- 

4- 

P 

— 

— 

1 guinea pigs inoculated with uterine material 

Julyie, 1930-.-- 

4- 

4- ' 

4- 1 

4- 

— 

1 ~ 

1 and colostrum did not acquire abortion disease. 

Aug. 19, 1930.... 

4- 

4- ; 

4- ! 

! 

P 



1 -4ug. 19, 1930, milk negative for Br, abortus. 


VACCINATED HEIFER 1441 


Apr. 10, 1929..,. 






— 

- 

_ 

Apr. 23, 1929.— 

— 

— 

— 

— 


— 

Apr. 30, 1929—. 

+ 

4* 

4- 

4- 

4" 

4- 

Alay 7, 1929 

H- 

4- 

+ 

4- 

4- 

4- 

Alay 14, 1929— 

4- 

4- 

4- 

4- 

4- 

4- 

Alay 21, 1929— 

-h 

4- 

4- 

4* 

4- 

4- 

June 4, 1929 

+ 

+ 

+ 

4- 

4- 


June 18, 1929.... 

4- 

4- 

4- 

4- 


_ 

July 2, 1929 

4“ 

4- 

4- 

4- 

S 

— 

July 17, 1929.... 

4“ 

+ 

-f 

4- 

— 

— 

July 31, 1929- — 

4- 

4- 

P 


_ 

— 

Aug. 27, 1929.— 

4- 

4- 

P 


— 

_ 

Sept. 11, 1929... 

4- 

4- 

4- 

— 


_ 

Sept. 24, 1929... 

4- 

4- 

4~ 

-f 

— 

_ 

Oct. 8, 1929 

4- 

4- 

4- 

S 


— 

Oct. 2i, 1929.—. 

4" 

4- 

4- 


— 

— 

Nov. 6, 1929 

4- 

4" 

4* 

— 

— 


Nov. 19, 1929... 

f 

4- 

4- 


_ 

_ 

Dec. 19, 1929— 

4~ 

4- 

S 

— 

_ 


Jan. 8, 1930 

~r 

4- 

! — 

— 

_ 

_ 

Jan, 22, 1930 

+ 

4- 

+ 


— ' 

— 

Feb. 5, 1930 

4- 

P 


— 

— 

_ 

Feb. 19, 1930 ' 

4" 

P 

— 

— 

_ 

_ 

Mar. 5, 1930 1 

-f 

.|_ 

— 

— 


w. 

Alar. 19, 1930.. .i 

+ 

P 

— 

_ 

_ 



Apr. 2, 1930 

4- 

+ 

.s 

— 

_ 

_ 

Apr. 16, 1930.... 

4. 

' 4" 

' — 

— 

_ 1 

_ 

Apr. 22, 1930.... 

+ 

' p 

” 1 


i _ . 

_ 

July 16, 1930 .... 

4- : 

p 

— i 

— 

— 

_ 

Aug. 19, 1930.... 

+ 

4- 

p i 

i 

- 

, “ 

— 


Apr. 23, 1929, subcutaneous injection of 20 c c 
abortion vaccine (Br. abortus strain 11). 


Aug. 1, 1929, bred. 


Oct. 19, 1929, received Br, abortus, conjiinetival 
exposure. 


May 10, 1930, produced a vigorous calf (282 days); 
guinea pigs inoculated with uterine material and 
colostrum failed to acquire abortion disease. 
Aug. 19, 1930, milk negative for Br. abortus. 
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Table 5 . — Records of individual experimental animals — Continued 
VACCINATED HEIFER 1492 


Date 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Apr. 10, 1929..-. 

__ 

_ 

_ 


_ 




Apr. 23, 1929..- 

— 

~ 

— 

— 

__ 


Apr. 23, 1929, subcutaneous injection of 10 c c 

Apr, 30, 1929.... 

H- 

+ 


-f 

4- 

1 + 

abortion vaccine (Br. abortus strain 11). 

May 7, 1929 

i + 

+ 

-f 

4- 

4- 

+ 


Alay 14, 1929... 



+ 

! 4- 

4- 

^ 4- 


AIay21, 1929.— 

+ 



4- 

4- 

1 4- ' 


June 4, 1929 


+ 

+ 

4- 

+ 

4- 


June 18, 1929-. 

+ 



4- 


P 1 


July 2, 1929 

4* 


1 + 

4- 

— 



JuNM7, 1929-.., 

+ 

+ 

+ 

4- 

— 

_ 1 


July 31, 1929.... 


+ 

+ 

— 

— 

— 

Aug, 17, 1929, bred. 

Aug. 27, 1929.... 


4- 

s 

S 

— 



Sept. 11, 1929..- 


+ 

1 + 

-- 

_ 

— 


Sept. 24, 1929.- 



+ 

— 

— 

— 


Oct. 8, 1929 



1 + 

j __ 

_ 

— 


Oct. 21, 1929.... 

+ 

+ 

+ 

! — 

— 

— 


Nov. 6, 1929,-. 

+ 

+ 

P 

— 

1 — 

— 


Nov. 19, 1929... 

H- 

+ 

P 

— 

— 

— 


Dec. 19, 1929.... 

+ 

H- 

+ 

s 

— 



Jan. 8, 1930 

H- 

+ 

P 

_ 

— 

— 

Jan. 9. 1930, bred. 

Feb. 5, 1930 

+ 

+ 

+ 


•— 

— 

Feb. 24, 1930, received Br. abortus, conjunctival 

Mar. 5, 1930 

+ 

+ 

+ 1 

4" 

-- 

— 

exposure. 

Mar. 19, 1930— 

+ 


4- 

S 

— 

_ 


Apr. 2, 1930 

+ 

+ 


s 


— 


Apr. 16, 1930— 

+ 

+ 

+ 

— 

— 

— 


Apr- 22, 1930... - 

+ 

-h 

F ; 

— 


— 


Alay 7, 1930 



+ 1 

— 

— 

— 


M&y 17, 1930-... 

+ 

+ 

+ 

— 

— 

— 


June 28, 1930 

+ 

+ 

4- 

s 

— 

— 


July 16, 1930— 

-h 

+ 

p 

p 

— 

_ 

Oct. 14, 1930, produced a vigorous calf (278 days) ; 

Aug. 19, 1930— 

+ 

+ 

+ 

F 

— 

— 

guinea pigs inoculated with uterine material and 

Jan. 9, 1931 


-i- 

4- 

P 



colostrum failed to acquire abortion disease. 


VACCINATED HEIFER 1493 


Apr. 10, 1929.... 
Apr. 23, 1929.... 

Apr.30, 1929 

May 7, 1929 

May 14, 1929 

May 21, 1929.... 
June 4, 1929,..,. 
June 18, 1929.... 

July 2, 1929 

July 17, 1929.... 
July 31, 1929.... 
Aug. 27, 1929.... 
Sept. 11, 1929... 
Sept. 24, 1929... 

Oct. S, 1929 

Oct. 21, 1929. ... 

Nov. 6, 1929 

Nov. 19, 1929... 
Dec. 19, 1929.... 
Jan. 8, 1930..... 

Feb. 5, 1930 

Mar. 5, 1930.... 
Apr. 2, 1930..... 
May 17, 1930.... 
June 17, 1930.... 

June 28, 1930. 

July 16, 1930.--. 
Aug. 19, 1930.... 
Oct. 2, 1930..— 
Nov. 11, 1930.-. 
Nov, 22, 1930... 
Jan. 9, 1931-— 


— 

— 

— 

- 

— 

— 

4- 

4- 


4~ 

+ 

+ 

4~ 

4- 

+ 

4- 

4- 

-b 

4- 

4- 

4- 

4- 

4- 

-b 

4- 

4- 

4“ 

4- 

4- 

P 

4- 

4' 

4- 

4- 

4- 

— 

4- 

4- 

4- 

4- 

— 


+ 

4- 

4- 

_ 

— 

— 

4" 

4- 

4- 

P 

— 

— 

4- 

4" 

4_ 

~ 

— 

•— 

4- 

P 

S 


— 

— 

P 

P 

— 

— 

— 

— 

4- 

4- 

P 

— 

— 

— 

4- 

4* 


_ ■ 

— 

— 

4* 

p 

4- 



, — 

“ 

+ 

4- 

s 

= 

t _ 



4- 

S 

— 

_ 

i I 


4- 

,s 

— 

— 

— 

— ■ 

P 

s 

— 

— 

— 


4^ 

4- 

P 

— 

— 

, — 

4" 

4- 

4- 

4- 

— 

■ — 

4- 

4- 

-f 

P 

— 

— 

4- 

4- 

4- 

S 

— ■ 

— 

-h 

4- j 

S 

— 

— 

■ ■ — ' 

4- 


-f. 


— , 

— 

4“ 

4- ' 

P 

— 

— ■ 

— 

P 

p 

— 


— 

■ 

+: 

4- 

4- " 





Apr. 23, 1929, subcutaneous injection of 20 c c 
abortion vaccine (Br. abort its strain 11) . 


Alar. 26, 1930, bred. 

June 10, 1930, received Br. abortiiS} conjunctival 
exposure. 


Dee. 29, 1930, produced a vigorous calf (278 days); 
guinea pigs inoculated with uterine material 
and colostrum failed to acquire abortion disease. 
Mar. 20, 1931, milk negative for Br. aborius. 
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Table b,— Records of individual experimental animals — Coiitiniied 
VACCINATED HEIFER 1533 


Date 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Apr. 10, 1929.... 





_ 



Apr. 23, 1929.... 

_ 

— 

__ 

_ 

— 

— 

.Apr. 23, 1929, subcutaneous injection of 20 c c 

Apr. 30, 1929.... 

-f 

+ 

+ 

+ 

+ 

+ 

abortion vaccine {Br. abortus strain 11). 

Alay 7, 1929..... 


“T 

+ 

+ 

4- 

— 


May 14, 1929.... 

-f 

+ 

4- 

+ 

p 

— 


Alay 21, 1929-.,. 

+ 

+ 

+ 

+ 

p 

— 


lime 4, 1929 

+ 

+ 


+ 

— 

— 


June IS, 1929.... 


_U 

+ 

+ 

- 

— 


July 2, 1929 

+ 

T 

4“ 



— 


July 17, 1929.... 

4- 

J- 

p 

— 

— 

— 


July 31, 1929.... 

P 

— 

_ 

— 

— 

— 

Aug. 8, 1929, bred. 

Aug. 27, 1929 1 

P 

S 

__ 

— 

— 

— 


Sept. 11, 1929... 

— 

— 

— 

— 

— 



Sept. 24, 1929... 

P 

_ 

— 

— 

— 

— 


Get. S, 1929 

P 


_ 

__ 

— 

— 


Oct. 21, 1929.... 

— 

_ 

— 

— 

— 

— 

Oct. 19, 1929, received Br. abortus, conjunctival 

Noy. 6, 1929.... 

-f 

+ 

— 

— 

— 


exposure. 

Nov. 19, 1929... 

4- j 

+ - 

! P ' 


__ 



Dec. 19, 1929.... 

S 1 

— 

I _ 

_ 

_ 

— 


Jan. 8, 1930 

— 

~ i 

— ! 

— 

_ 

1 — 


Jan. 22, 1930 

+ i 

+ i 

— 

— 

- 1 

' — 


Feb. 5, 1930 

4* 1 

— 1 

1 _ 

— 

I ^ 

— 


Feb. 19, 1930....' 

s ; 

__ j 

! _ 

— ' 

I _ 

— 


Mar. 5, 1930 

— 

— ' 

— 

j 

I — 

— 


Mar. 19, 1930... 

__ 

— i 

1 _ 

1 “ 1 

— 

— 


Apr. 2, 1930 

_ 

_ ' 

! _ 

1 ~ ' 

— 

_ 

.Apr. 30, 1930, produced a vigorous calf (265 clays); 

Apr. 16, 1930.... 

— 

— 

— 

1 1 

— 

— 

4 out of 6 guinea pigs inoculated with uterine 

.Apr. 22, 1930.... 

— 

_ 

— 

i — 

— 

— 

material and 1 pig out of 6 inoculated with 

July 16, 1930.,.. 

_ 

— 

— 


_ 

— 

colostrum acquired abortion disease. 

Aug. 19, 1930... 



_ 

1 ~ 


— 

Aug. 19, 1930, milk negative for Br. abortus. 


TACCINATED HEIFER 1536 


Apr. 10, 1929.... 







_ 


.Apr. 23, 1929.... 

— 

~ 

__ 

— 

— 

— 

-Apr. 23, 1929, subcutaneous injection of 10 c c 

.Apr. 30, 1929.... 

+ 

4 

4 

4 

4 

4 

abortion vaccine (Br. abortus strain 11). 

May 7, 1929 

4- 

4 

4 

4 

4 

4- 


May 14, 1929. .. 

4- 

4 

4 

4 

4 

4 


May 21, 1929-.. 

+ 

4 

_u 

4 

4 

S 

No breeding record. 

June 4, 1929 

4 

4 

4 

4 

— 

— 


June 18, 1929.,.. 

4 

4 

4 

4 

__ 

— 


July 2, 1929 

4 

4 

4 

4 


— 


July 17, 1929. ... 

4 

4 : 

4 

— 

— 

— 1 


July 31, 1929.... 

4 

4 

4 i 

_ 

— 

— 


Aug. 27, 1929--- 

4 

P 

S ! 

— 

— 

— 


Sept. 11, 1929--. 

4 

T i 

_ 

— 

— 

_ 

Oct. 19, 1929, received Br. abortus, conjunctival 

Sept, 24, 1929... 

4 1 

4 1 

~ 

— 1 

— 

— 

exposure. 

Oet. 8, 1929 

4 i 

4 i 

— 

— 

— 

— 

Nov. 29, 1929, dam died while calving; guinea 

• Oct. 21, 1929.... 

4 

— 

— 

— 

— 

— 

pigs inoculated with uterine material acquired 

Nov. 6, 1929.... 

4 

4 

4 

— 

— 

— 

abortion disease. (Dam seemingly vaccinated 

,Nov. 19, 1929... 

4 

4 


“ 



by mistake when bred.) 
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Table 5. -—Records of individual ex'perimental aninials — Continued 
VACCINATED COW 1452 


Date 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Kemarks 


0.04 

0.02 

0.01 

0.005 

0.002 

0.001 


Apr. 10, 1929..,.. 

_ 

_ 




_ 

__ 


Apr. 23, 1929...- 

— 

__ 

— 

— 

— 

— 

Apr. 23, 1929, subcutaneous injection of 20 c c 

Apr. 30, 1929.... 

-b 

4- 

4^ 

4 

4 

4 

abortion vaccine (Br. abortus strain 19). 

May 7, 1929 


4- 

4- 

4 

4 

4 

May 7, 1929, milk negative for Br. abortus. 

May 14, 1929.... 


+ 

4- 

4 

4 

4 

May 14, 1929, milk negative for Br. abortus. 

May 21, 1929.... 


4_ 

4 

4 

4 

4 

May 28, 1929, milk negative for Br. abortus. 

June 4, 1929 


4- 

4 

4 

4 

— 

.Tune 11, 1929, milk negative for Br. abortus. 

June IS, 1929,... 


4- 

4 

4 

— 

— 

June 18, 1929, milk negative for Br. abortus. 

July 2, 1929 


4- 

4 

P 

— 

-- 

June 20, 1929, bred. 

July 17, 1929 


4" 

4 

P 

— 

— 

July 2 , 1929, milk negative for Br. abortus. 

July 31, 1929..-. 


+ 

4 

— 

__ 

_ 


Aug. 27, 1929,... 

+ 

+ 

4 

— 

•— 

— 

\ Aug. 13, 1929,. milk negative for Br. abortus. 

Sept. 11, 1929... 

+ 

-4- 

•— 

' — 

— 

— 

Sept. 21 , 1929, milk negative for Br. abortus. 

Sept. 24, 1929... 


P 


__ 

*- 

— 

Oct. 19, 1929, received Br. abortus, conjunctival 

Oct. 8 , 1929 


4" 

T 

__ 

— 

_ 

exposure. 

Oct. 21, 1929.... 

+ 

4- 

— 

— 

— 

— 

Oct. 21, 1929, milk negative for Br. abortus. 

Nov. 6 , 1929-..- 

4" 

4- 

4 


_ 

— 


Nov. 19, 1929... 

+ 

4- 

4 

4 

— 

•— 


Dec. 19, 1929.... 

+ 

4- 

4 


_ ■ 

~ 


Jan. 8 , 1930 

+ 

+ 


— 


— 


Jan. 22, 1930.... 

+ 

4- 

4 

_ 

— 

_ 


Feb. 5, 1930 

+ 

+ 

S 

— 

•— 

— 


Feb. 19, 1930,... 


4- 

P 

_ 

— 

— 


Mar. 5, 1930.... 

■f 

4- 

— 

— 

— 

— 


Mar. 19, 1930... 

+ 

P 

_ 

— 

_ 

— , 

Mar. 26, 1930, produced a vigorous calf (279 days); 

Apr. 2, 1930 

4- 

4- 

P 

— 

— 

— 

guinea pigs inoculated with uterine material 

Apr. 16, 1930.,.. 

-4- 

P 

— 

— 

— 

— 

and colostrum failed to acquire abortion disease. 

July 16, 1930..-. 

4- 

4- 







VACCINATED COW 1490 


Apr. 10, 1929,... 

_ 






Apr. 23, 1929, intradermic injection of J4 c c abor- 

Apr. 23, 1929.... 

— 

— 


— 

— 

— 

tion vaccine (Br. abortus strain 19). 

Apr. 30, 1929—- 

4 

4 

P 

P 

__ 

— 

-Apr. 30, 1929, milk positive for Br. abortus. 

May 7, 1929 

4 

4 

4 

4 

4 

P 

May 7, 1929, milk jiositive for Br. abortus. 

May 14, 1929— 

4 

4 

4 

4 

4 

4 

May 14, 1929, milk positive for Br. abortus. 

May 21 , 1929— 

4 

4 

4 

4 

4 

4 

May 21 , 1929, milk positive for Br. abortus. 

June 4, 1929 

4 

4 

4 

4 

4 

4 

May 28, 1929, milk positive for Br. abortus. 

June 18, 192t) 

4 

4 

4 

4 

4 

4 

June 4, 1929, milk positive for Br. abortus. 

July 2, 1929 

4 

4 

4 

4 

4 

4 

June 11, 1929, milk positive for Br. abortus. 

July 17, 1929 

-1- 

4 

4 

4 

4 

4 

June 18, 1929, milk positive for Br. abortus. 

July 31, 1929 

4 

4 

4 

4 

4 

4 

June 25, 1929, bred. 

Aug. 27, 1929— 

4 

4 

4 

4 

4 

-j- 

July 2, 1929, milk positive for Br. abortus. 

Sept. 11, 1929... 

4 

4 

4 

4 

4 

P 

July 23, 1929, bred. 

Sept. 24, 1929... 

4 

4 

4 

4 

4 

4 

Aug. 13, 1929, milk positive for Br. abortus. 

Oct. 8 , 1929 

4 

4 

4 

4 

4 

4 

Sept. 21, 1929, milk positive for Br, abortus.. 

Oct. 21 , 1929.... 

4 

4 

4 

4 

4 

4 

Oct. 21 , 1929, milk positive for Br. abortus. 

Nov. 6 , 1929.... 


4 

4 ' 

4 

4 

4 

Oct. 19, 1929, received Br. abortus, conjunctival 

Nov. 19, 192CL-- 

4 

4 

4 

4 

4 

4 

exposure. 

Dee. 19, 1929—, 

4 

4 

4 

4 

4 

4 


Jan. 8 , 1930 

4 

4 

4 

4 

4 

4 ’ 


Jan. 22, 1930-... 

4 

4 

4 

4 ■! 

4 

4 


Feb. 5, 1930...,. 

4 

4 

4 

4 

4 

4 


Feb. 19, 1930—. 

4 

4 

4 

4 

4 

4 


MiU. 5, 1930.... 

4 

4 

4 

4 

4 

P 


Mar. 19, 1930... 

4 

4 

4 

4 

4 

P 


Apr. 2, 1930 

4 

4 

4 

4 

4 

4 

Apr. 30, 1930, produced a vigorous calf (281 days) ; 

.Apr. 16, 1930.... 

4 

4 . 

4 

4 

,4 

4 

guinea pigs inoculated w'ith uterine material 

Apr. 22, 1930— 

4 

4 

4 

4 

4 


and colostrum acquired abortion disease. 

July 16, 1930-..- 

4 

4 

4 

4 

4 . 

— 


Aug. 19, 1930— 

4 

4 

4 . 

4 

4 

4 

Aug. 16, 1930. milk positive for Br. abortus. 

Nov. 11, 1930... 

+ 

+ 

4 

4 

■ 4-! 

4 

Aug. 22 , 1930, milk positive for Br. abortus. 

Nov, 22 , 1930. . . 

4 

4 

4 

4 

:4 

4 
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Table 5. — Records of individual experimental animals — Continued 
VACCINATED COW 1501 


Date 

Agglutination results wben quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0,005 

0.002 

0.001 

Apr. 10, 1929,... 


_ 







Apr. 23, 1929- - 

— 

— 

— 

_ 

„ 

— 

Apr- 23, 1929, subcutaneous injection of 10 c e 

Apr. 30, 1929- - 

-f 

4- 

4- 

4" 

+ 

4- 

abortion vaccine (J5r. abortus strain 19). 

May 7, 1929 

4- 

+ 

4~ 

4- 

4- 

4- 

Apr. 30, 1929, milk negative for Br. abortus. 

May 14, 1929_.- 

4- 

+ 

+ 

4- 

4- 

4- 

May 7, 1929, milk negative for Br. abortus. 

Alay 21, 1929.— 

4- 

4“ 

4- 

+ 

4- 

4- 

May 14, 1929, milk negative for Br. abortus. 

June 4, 1929 

4- 

+ 

4- 

4- 

4- 

4- 

May 21, 1929, milk negative for Br. abortus. 

June IS, 1929 

4- 

“h 

4- 


4- 


May 28, 1929, milk negative for Br. abortus. 

July 2, 1929 

4- 

4- 

4- 

4- 

4- 

__ 

June 4, 1929, milk negative for Br. abortus. 

July 17, 1929- - 

+ 

+ 

4- 

+ 

4- 

— 

June 11, 1929, milk negative for Br. abortus. 

July 31, 1929_— 

4- 

4* 

4- 

4- 


— 

June 12, 1929, bred. 

Aug. 27, 1929.— 

4- 

4- 

4~ 

— 

— 

— 

•Tune 18, 1929, milk negative for Br. abortus. 

Sept. 11, 1929--- 

4- 

4" 

4- 

_ 

_ 

— 

July 2, 1929, inilk negative for Br. abortus. 

Sept 24, 1929---* 

4- 

4- 

4- 

— 


— 

Aug. 13, 1929, milk negative for Br. abortus. 

Oct. 8, 1929 ! 

4- 

+ 

4- 

__ 


— 

Sept. 21, 1929, milk negative for Br. abortus. 

Oct. 21, 1929- --I 

4- 

4- 

4- 

— 

— 

— 

Oct. 19, 1929, received Br. abortus, conjunctiva] 

Nov. 6, 1929 -.--1 

4- 

"i“ 

4- 

4- 

— 

— 

exposure. 

Nov. 19, 1929.-- 

4- 


4- 

4- 

— 

— 

Oct. 21, 1929, milk negative for Br. abortus. 

Dec.l9, 1929.—! 

4- 

-f 

4- ; 

4“ 

_ 

— 


Jan. 8, 1930 | 

+ ' 

4- 

4- : 

P 

— 

— 


Jan. 22, 1930- — 1 

+ 1 

4- 

4- 

P 1 

— 

— 


Feb. 5, 1930 1 

+ 1 

+ 

4_ , 

4" 

•— 1 

— 


Feb. 19, 1930—: 

+ ! 

4- 

4- ! 

P 

_ 

— 


Mar. 5, 1930 : 

4- i 

+ i 

+ : 

— 

— 

— 

Mart 11, 1930, produced a vigorous calf (272 days); 

Mar. 19, 1930.--; 

4- i 

4- 1 

4- ! 

— 

_ 

— 

guinea pigs inoculated with uterine material ac- 

Apr. 2, 1930 

-f : 

4- 

4- 

— j 

— 1 

— 

quired abortion disease, whereas colostrum 

Apr. 16, 1930-.- 

4- ! 

4- 

4- j 

— 

_ 

— 

failed to infect them. 

July 16, 1930—- 

4- ! 

4~ 

4* 

P 

— 

— 


Aug. 19, 1930— 

4- 

4- 

4* 

S 

_ 

— 

Aug. 19, 1930, milk negative for Br. abortus. 

Oet. 2, 1930 

4- 

4- 

4“ 1 

— 

— 

— 


Nov. 11, 1930... 

+ 

P 

s ! 

— 

— 

— 


Nov.22, 1930-.- 

4- 

4- 

4- : 

— 

— 

— 


Jan. 9, 1931 

4- 


4- ' 

" 



Jan. 24, 1931, milk negative for Br. abortus. 


VACCINATED HEIFER 1451 


Apr. 10, 1929..- 









Apr. 23, 1929.... 

— 

— 

— 

_ 

— 

— 

-Apr. 23, 1929, subcutaneous injection of 20 c c 

Apr. 30, 1929— 

4- 

+ 

4 

4 

4 

4 

abortion vaccine {Br. abortus strain 19). 

May 7, 1929 

4- 

4_ 

4 

4 

4 

4 


May 14, 1929.— 

+ 

4- 

4 

4 

4 

4 


May 21, 1929.— 

+ 

4- . 

4 

4 

4 

4 


June 4, 1929 

4* 

+ 

4 

4 

4 



June 18, 1929.... 

4- 

4- 

4 

4 


— 


July 2, 1929 

+ 

+ 

4 

4 

_ 

— 


July 17, 1929— 

4- 

4 

4 

4 

P 

— 


July 31, 1929— 

4- 

4" 

4 

4 

— 

— 

July 27, 1929, bred. 

Aug. 27, 1929-.. 

4- 

4- 

4 



_ 


Sept. 11, 1929.., 

4- 

4- 

4 

— 

_ 

— 


Sept. 24, 1929... 

4" 

., 4 

4 

— 

— 

— 


Oct. 8, 1929 

+ 

4 

4 

— 

— 

— 


Oct. 2i, 1929 

4- 

4 

S 


— 

— 

Oct. 19, 1929, received Br. abortus, conjunctival 

Nov. 6, 1929 

4- 

4 

4 

4 

— 

— 

exposure. 

Nov. 19, 1929.- 

.-4 ! 

4 

4 


— 

— 


Dec. 19,1929—- 

4- ! 

4 

4 


— 

— 


Jan.8, 1930 

4- 

4 J 

4 

— 

— 




Jan. 22, 1930 

4- 

4 ; 

4 

— 

— 




Feb. 5, 1930— 

4- ^ 

4 

P 

~ 

— ' 

_ 


Feb. 19, 1930—! 

4- '1 

4 

4 

P 






Mar.. 5,' 1930..-' 

4- ... 

4 

4 

— i 

— 

_ 


Mar. 19, 1930- . - 

-f- 

4 

1 P 

— 

_ 



Apr. 2, 1930...- 

4- 

4 

— 

— 

— 

— 

Apr. 28, 1930, produced a vigorous calf (275 days) ; 

Apr. 16, 1930., — ! 

4-, 

S 

— ! 

■— 

— 

■ — 

2 out of 6 guinea pigs inoculated with uterine 

Apr. 22, 1930-.-! 

! 4- 

!' 4 

' P ! 

— 

. — 

— 

material acquired abortion disease: colostrum 

July 16, 1930—. 

4- 

4 

,4 i 

P 

J — 

— 

failed to infect guinea pigs. 

Aug.. 19, 1930-.. 1 

, ! 

4- 

■4. 

4 I 

P 



Aug. 19, 1930, milk negative for Br. abortus. 
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Table 5. — Records of individual experimental animals— Contimmd 


VACCINATED HEIFER 1495 


33ate 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0,001 

Apr. 10, 1929. 

i 

_ 

— 


_ 



Apr. 23, 1929..,. 

— 

~ 

— 

[ 4- 

~ 

— 

Apr. 23, 1929, subcutaneous injection of 10 c c 

Apr. 30, 1929.._. 

+ 

4- 



4- 

+ 

abortion vaccine (Br. abortus strain 19). 

May 7, 1929 

4" 

4- 

+ 

4- 

4- 

4- 


May 14, 1929.,.. 

+ 

4- 

1 4- 

4- 

4- 

4- 


May 21, 1929.... 


4- 

4- 

4- 

4- 

4- 


June 4, 1929 


4~ 

4- 

+ 

4- 

— 


June 18, 1929.... 

+ 

+ 

4- 

4- 


— 

June 17, 1929, bred. 

July 2, 1929 


4- 

4- 

+ 

— 

~ 


July 17, 1929-... 

-t- 

4- 

+ 

4" 

— 

— 


July 31, 1929.... 

+ 

4- 

4" 

S 

— 

— 


Aug. 27, 1929.... 

+ 

4- 

4~ 

S 

— 

— 


Sept. 11, 1929... 

4- 

P 

S 


— 

— 


Sept. 24, 1929... 


4- 

4- 

— 

— 

— 


Oct. 8, 1929 

+ 

4- 

4- 

_ 

— 

_ 


Oct. 21, 1929.... 

+ 

4- 

4- 

— 

— 


Oct. 19, 1929, received Br. abortus, conjunctival 

Nov. 6, 1929.... 

+ 

4 - 

4 - 

4 " 

— 

-- 

exposure. 

Nov. 19, 1929... 

4 - 

+ 

4 - 

P 


— 


Dec. 19, 1929.... 

+ 


4- 

— 

— 



Jan. 8, 1930--.-. 


+ 

4 “ 

_ 

— 

— 


Jan. 22, 1930.... 

+ 

4- 

P 


— 

— 


Feb. 5, 1930 


4 - 

+ 

— 

— • 

— 


Feb. 19, 1930-... 

+ 

4 - 

4- 

_ 

— 

_ 


Mar. 5, 1930-..- 

+ 

4 - 1 

P 

— 

— 

— 


Mar. 19, 1930. .. 

+ 

4 - 

P 

— 

— 


Mar. 22, 1930, produced a vigorous calf (278 days) ; 

Apr. 2, 1930 

4 - 

4- 



_ 

— 

guinea pigs inoculated with uterine material 

Apr. 16, 1930—. 

4 - 

4- 

S 

— 

— 

— 

and colostrum failed to acquire abortion disease. 

July 16, 1930.... 

4 - 

+ 

4- 

S 

— 

— 

Aug. 19, 1930, milk negative for Br. abortus. 

Aug. 19, 1930— 

H- 

4- 

P 




Oct. 4, 1930, milk negative for Br. abortus. 


VACCINATED HEIFER 3505 


Apr. 10, 1929— 

. 

_ 



_ 

_ 

_ 


Apr. 23, 1929— 

- 

- 

— 

_ 

_ 

— 


Apr. 23, 1929, subcutaneous injection of 20 c c 

Apr. 30, 1929—. 

4- 

4- 

4- 

4“ 

+ 

4- 

abortion vaccine (Hr. G5orto strain 19). 

May 7, 1929 

4- 

4- 

4- 

4- 

4* 

+ 


May U, 1929.— 

4- 

4- 

4- 

4- 

4- 

4- 


Alay 21, 1929— 

4" 

4- 

1 4- 

4- 

4“ 

4“ 


June 4, 1929 

4- 

4” 

' 4- 

+ 

4- 

— 


June 18, 1929— 

4- 

4- 

4- 

4- 

— 

— 


July 2, 1929 

H 

h 

4- 

4 - 

4- 

— 

— 


July 17, 1929—. 

H 

- 

+ 

4- 

4- 

— 

— 


July 31, 1929.... 

H 

- 

+ 

4“ 


— 

— 


Aug. 27, 1929-.-. 

H 

- 

+ 

S 

— 

-- 

_ 


Sept. 11, 1929..- 

H 

_ 

4" 

4- 

P 

_ 

— 


Sept. 24, 1929. 

j 

- 

4“ 

4" 

_ 

— 

— 


Oct. 8 , 1929 

- 

_ 

+ 

P 

S 

— ■ 

_ 


Oct. 21, 1929— 

- 

- 

4- 

4“ 

— 

— 

_ 


Nov. 6, 1929 

- 

- 

P 


... 

— 

— 

Nov. 1, 1929, bred. 

Nov. 19, 1929.... 

4- 

4- 

P 

— 1 

— 

— 


Dec. 19, 1929.... 


4~ 

P 

— 

— 

_■ 


Jan. 8 , 1930 


P 

S 

— 

— 

— 


Jan. 22, 1930 

— 

4- 

P 


— 

— 


Feb. 5, 1930— 

.. 

4 . 

P 1 

— 


— 

Feb. 24, 1930, received Br. abortus, conjunctival 

Mar. 5, 1930.. __ 

-- 

4- 

4* 

— 

_ 

— 

exposure. 

Mar. 19, 1930... 

— 

4- 

P i 

— 

— 

— 


Apr. 2, 1930 

-- 

4- 

4- 

— 

— 

— 

Aug. 2, 1930, produced a vigorous calf (274 days); 

Apr. 16, 1930— 

— 

4- 


— 

— 

— 

guinea pigs inoculated with uterine material 

Apr. 22, 1930— 


1- 

4- 

_ 

— 

— 


and colostrum did not acquire abortion disease. 

May 7, 1930..... 


f- 

4- 

_ 

. •— 

— 

— ■ 


May 17, 1930—. 

4- 

4. 

4" 

— 


_ 


June 17, 1930— - 

4- 

4- 

,4- 

..S' 1 

— 

— ■ 


June 28, 1930--.- 

, 4- 

4' 

4. 

S : 

— 

— 


July 16, 1930-.- 

4_ 


■4”' 

"S 

■_ 

. — 


Aug. 19, 1930— 

4- 

, 

4. 


— j 




Oct. 2, 1930- — 

4- 

P 

" ““ 

■ . — 1 


_ 
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Table or—Reco'rds of individual experimental animals — Continued 


VAeCINATED HEIFER 1529 


Date. 

AgglMtination results when quantity 
of Wood serum (cubic centimeters) 
indicated was used 

Remarks 


0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

___ 

Apr. 10, 1929.. __ 








Apr. 23, 1929.... 

— 

_ 

_ 

_ 

— 

— 

Apr. 23, 1929, subcutaneous injection of 10 c c 

Apr. 30, 1929...- 

+ 


+ 

4- 

4- 

4- 

abortion vaccine (Br. abortus strain 19). 

Mav 7, 1929 

+ 

+ 

4- 

+ 

4- 

+ 


May 14, 1929.... 

+ 

+ 

+ 

4- 

4- 

4- 


May 21, 1929..,. 

+ 

+ 

+ 

4- 

4- 

4- 


June 4, 1929 

+ 

+ 


4- 

4- 

P 


June 18, 1929..-. 

+ 

+ 


4- 

— 

— 


July 2, 1929 

+ 

+ 


4“ 

4- 

— 


July 17, 1929—. 

+ 

+ 

p 

P 

_ 

__ 


July 31, 1929.— 


+ 

_ 

— 

— 

_ 


Aug. 27, 1929.— 

+ 

P 

s 

— 

— 

— 


Sept. 11, 1929... j 

+ 

+ 

p 

— 

~ 

— 


Sept. 24, 1929..,! 

+ 

+ 

p 

— 

■ _ 



Oct. 8. 1929 1 

4- 

P 

s 


— 

— 


Oct. 21, 1929....! 

4- 

+ 

p 

— 


— 


Nor. 6, 1929.... 

+ 

P 

_ 

— 

— 

— ■ 


Nov. 19, 1929... 

+ 

+ 

_ 

_ 

_ 

_ 


Dec. 19, 1929,... 


t 

p 

— 

— 

— 


Jan. 8, 19B0 

+ 

+ 

— 

— 

—• 

I _ 

Jan. 29, 1930, bred. 

Feb. 5, 1930 

+ 

+ 

s 

1 “ 

1 — 

_ 

t 

Mar. 5, 1930.. „ 

-i- 

+ ! 

s 

j _ 

— 

_ 


Apt. 2, 1930 

+ 

! + I 

— 

1 — 

— 

_ 

1 Apr. 12, 1930, bred. 

June 11, 1930.... 

+ 

■+ i 

+ 

i 

— 

— 

1 June 10, 1930, received Br. abortus, conjunctival 

June 17, 1930 

! i~ 

. + ! 

4- 1 

S 


— 

exposure. 

June 28, 1930...-! 

-f 

1, + i 

4- I 

: 4- 

S 

— 

Jan. 15, 1931, produced a vigorous calf (278 days) ; 

July 16. 1930...,! 


I + ' 

4- 

+ 

— 

— 

guinea pigs inoculated with uterine material 

Aug. 19. 1930....- 

1 + ! 

! + ; 

4- ! 

+ 

— 1 

— 

; and with colostrum did not acquire abortion 

Oct. 2, 1930 

1 + 1 

+ j 

4- i 

-j- 

~ i 

— 

disease. 

Nov. 11, 1930... 

+ : 

1 ^ 

S 




1 Mar. 20, 1931, milk negative for Br. abortus. 

\ 


VACCINATED HEIFER 1537 


Apr. 10, 1929.... 









Apr. 23, 1929-..- 

— 

— 

— 

— 

— 

__ 

Apr. 23, 1929, subcutaneous injection of 10 c c 

Apr. 30, 1929..- 

+ 

4- 

4- 

4- 


+ 

abortion vaccine {Br, abortus strain 19). 

May 7, 192tl 

■ 4- 

4- 

4- 

4- 

+ 

H- 


May 14, 1929— 

__ 

-f 

4- 

4- 

4- 

4- 


May 21, 1929— 

-- 

4- 

4- 

4- 

4- 


No breeding record. (Was vaccinated by mis- 

June 4, 1929 

— 

4- 

4- 

4- 

4- 

— 

take when about one month pregnant.) 

June 18, 1929— 

— 

+ 

4- 

— 


— 


July 2, 1929 

-- 

4- 

+ 

— 

— 

— 


July 17, 1929— 

— 

4- 

4- 

__ 

_ 

— 


July 31, 1929-.. 

__ 

+ 

S 

_ 

_ 




-\ug. 27, 1929— 

— • 

P 

— 

— 

— 

_ 


Sept. 11, 1929... 

~r 

— 

— 

— 

— 

— 


Sept. 24, 1929... 

— 

— 

— 

— 

— 

— 


Oct.8, 1929 

-f 

— 

— 

— 

_ 

_ 


Oct, 21, 1929 ' 

P 1 

_ 

— 

— 

— 

_ 

Oct. 19, 1929, received Br. abortus, conjunctival 

Nov. 6, 1929 1 

i 4- 1 

4- 

— 1 

— ■ 

_ 

— 

exposure. 

Nov. 19, 1929.. -1 

1 + ! 

4- ! 

: 

— 

_ 

1 — 


Dec. 19, 1929- -■ 

1 + I 

P i 

— 

— 

i — 

i 

Dec. 21, 1929, produced a vigorous calf; guinea pigs 

Jan, 8, 1930. 

! P i 

— ! 

— 

— 

__ 

— 

inoculated with uterine material and with 

Jan. 22, 1930 

r + j 

■+ I 

— 

__ 

— 

— 

colostrum did not acquire abortion disease. 

Feb. 5, 1930 

P 

— i 

— 

— 

— 



t , ■ ' 

Feb. 19, 1930 

F i 

— ! 

— 

— 

_ 




Mar. 5, 1930 

— 

__ 

— 


_ 




Mar. 19, 1930— - 

— 

— 

— 

— 

_ 




Apr. 2, 1930 

— 

— i 

— 

i — 






Apr. 16, 1930....! 

__ 

_ 

— 

i — 

— 

— 


July 16, 1930— .1 

4- 


s 

: ■ — 

— 

_ 
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Table 5. — Records of individual experimental animals — Continued 


VACCINATED COW 1502 



Agglutination results when quantity 



of blood serum (cubic centimeters) 



indicated was used 


1 


Date 







Remarks 


0.04 

0.02 

0.01 

0.005 

0.002 

0.001 


Apr. 10, 1929—. 

_ 

_ 


_ ‘ 

_ 

_ 

Apr. 23, 1929, intradermic iniection of 34 c c 

Apr. 23, 1929...- 

— 

— 

— 

— 


— 

abortion vaccine {Br. abortus strain 484). 

Apr. 30, 1929-... 

-f 

+ 

F 

— 

— 

— 

Apr. 30, 1929, milk negative for Br. abortus. 

Alay 2, 1929 

-b 

+ 

P 

— 

— 

— 

May 7, 1929, milk negative for Br. abortus. 

May 7, 1929 

+ 

+ 

+ 

+ 

+ 

— 

May 14, 1929, milk negative for Br. abortus. 

May 14, 1929.... 



+ 

-b 

P 

~ 

May 21, 1929, milk positive for Br. abortus. 

May 21, 1929—. 

+ 



-h 

+ 

— 

May 28, 1929, milk positive for Br. abortus. 

June 4, 1929 

+ 


+ 

-b 

+ 

— 

June 4, 1929, milk positive for Br. abortus. 

June 18, 1929.--. 

+ 

+ 



4 

p 

June 11, 1929, milk positive for Br. abortus. 

July 2, 1929 

+ 


+ 

-f 

4 

p 

June 14, 1929, bred. 

July 17, 1929.... 



+ 


4 - 


June 18, 1929, milk positive for Br. abortus. 

July 31, 1929-..- 

+ 

+ 

+ 

-b 

+ 

4 

July 2, 1929, milk positive for Br. abortus. 

Aug. 27, 1929.— 

+ 

+ 

+ 


4 

s . 

July 9, 1929, bred. 

Sept. 11, 1929... 

+ 

+ 

4- 

-b 

H- 

4 

Aug. 13, 1929, milk positive for Br. abortus. 

Sept. 24, 1929... 

+ 

+ 

+ 

-b 

+ 

4 - 

Sept. 21, 1929, milk positive for Br. abortus. 

Oct, 8, 1929 

+ 


+ 

-b 

+ 

4 

Oct. 21, 1929, milk positive for Br. abortus. 

Oct. 21, 1929-.-- 

-1- 

+ 

+ 

4- 

4 

4 

Oct. 19, 1929, received Br. abortus, conjunctival 

Noy. 6, 1929 

+ 

+ 

+ 

-b 

4- 

4 

exposure. 

■Nov. 19, 1929... 

+ 

+ 

+ 

-b 

4- 

4 


Dec. 19, 1929.... 

+ 

-f 

+ 

+• 

+ 

4 


Jan. 8, 1930 

+ 

4 - 

+ 

-b 

4 

4 


Jan. 22, 1930.... 

+ 

+ 

+ 

-b 

4 

4 


Feb. 5, 1930 

+ 

"h 

+ 

-b 

4 1 

4 


Mar. 5, 1930... . 

+ 


+ 

-b 

4 

4 


Mar. 19, 1930.. . 

+ 

+ 

+ 

-b 

4 

4 


Apr, 2, 1930 

+ 

+ 

i + 

i + 

4 

4 

.Apr. 23, 1930, produced a vigorous calf (288 days) ; 

Apr. 16, 1930.,.. 

+ 

+ 

+ 

! -b 

4 

4 

guinea pigs inoculated with uterine material 

Apr, 22, 1930—. 

+ 

-b 

+ 

4 - 

4 

4 

failed to acquire abortion disease; guinea pigs 

July 16, 1930.. -- 

+ 

+ 

i + 

+ 

4 

4 

were infected with abortion disease by colos- 

Aug, 19, 1930— 

+ 


1 + 

-b 

4 

4 

trum injections. 

Nov. 11, 1930... 

-f 

+ 

+ 


4 

4 

Aug. 16, 1930, milk positive for Br. abortus. 

Nov, 22, 1930... 

+ 

-f 

+ 

-b 

4 

1 

.Aug. 22, 1930, milk positive for Br. abortus. 

Jan. 9, 1931--... 

-f 

+ 

+ 

! -b 

4 

1 + 

! 

Jan. 26, 1931, milk positive for Br. abortus. 


VACCINATED COW 1504 


Apr. 10, 1929—. 





__ 

_ 





Apr. 23, 1929, subcutaneous injection of 10 c c 

Apr. 23, 1929—. 

— 

_ 

— 

— 

— 

— 

abortion vaccine (Br. abortus strain 484). 

Apr. 30, 1929—. 

4 

4 

4 

4 

— 

— 

Apr. 30, 1929, milk negative for Br. abortus. 

May 2, 1929 

4 

4 

4 

4 

4 

— 

May 7, 1929, milk positive for Br. abortus. 

Alay 7, 1929 

4 

4 

4 

4 

4 

4 

May 14, 1929, milk positive for Br. abortus. 

May li 1929.... 

4 

4 

4 

4 

4 

4 

May 21, 1929, milk positive for Br. abortus. 

May 21, 1929—. 

4 

4 

4 

4 

4 

4 

May 28, 1929, milk positive for Br. abortus. 

June 4, 1929 

4 

4 

4 

4 

4 

4 

June 4, 1929, milk positive for Br. abortus. 

June 18, 1929 

4 

4 

4 

4 

4 

4 

June 13, 1929, bred. 

July 2, 1929 

4 

4 

4 

4 

4 

4 

June 11, 1929, milk positive for Br. abortus. 

July 17, 1929.... 

4 

4 

4 

4 

4 

4 

June 18, 1929, milk positive for Br. abortus. 

July 31, 1929..-- 

4 

4 

4 

4 

4 

4 

July 2, 1929, milk positive for Br. abortus. 

Aug. 27, 1929— 

4 

4 

.4 

4 

4 

4 

July 11, 1929, bred. 

Sept. 11, 1929... 

4 

4 

4 

4 

4 

4 

Aug. 13, 1929, milk positive for Br. abortus. 

Sept. 24, 1929... 

4 

4 

4 

4 

4 

4 

Sept. 21, 1929, milk positive for Br. abortus. 

Oct. 8, 1929 

4 

4 

4 

4 

4 

4 

Oct. 15, 1929, bred. 

Oct. 21, 1929.... 

4 

4 

4 

4 

4 

4 

Oct. 21, 1929, milk positive for Br. abortus. 

Nov. 6, 1929 .... 

4 

4 

4 

4 

4 

4 

Nov. 6, 1929, bred. 

Nov. 19, 1929... 

4 

4 

4 

4 

4 

4 


Dec. 19, 1929—- 

4 i 

4 

4 

4 

4 

4 


Jan. 8, 1930....- 

4 ' 

4 

4 

4 

4 

4 

Feb. 24, 1930, received Br. abortus, conjunctival 

Jan. 22, 1930..-. 

4 i 

4 

4 

+ 

4 

4 

exposure. 

Feb. 5, 1930— . 

4 

4 

4 

4 

4 : 

4 


Mar. 5, 1930 

4 i 

4 

4 

4 ' ! 

4 

4 


Apr. 2, 1930 

d- 

4 

4 

+ -1 

4 

4 


Apr. 16, 1930-..: 

4 

4 

4 

4. 1 

4 

4 ' 

July 28, 1930, luoduced a weak calf (264 days); 

Apr. 22, 1930—- 

4 

4 

4 

+ 

4 

4 

guinea pigs wdiich were inoculated both with 

May 7, 1930— 

4 

4 

4 

4 

4 

4 

uterine material and colostrum became affected 

May 17, 1930— 

4 

4 

4 

4 

4 

4 

with abortion disease. 

June 17, 1930— 

4 

4 

4 

4 

4 

4 


June 28, 1930—. 

4 

4 

4 

4 

4 

-h 


July 16, 1930.... 

4 

4 

4 

4 

4 

4 


Aug. 19, 1930— 

4 

4 

4 

4 

4 

4" 

Aug. 16, 1930, milk positive for Br. abortus. 

Nov. 11, 1930... 

4 

4 

4 

+ 

4 

4 

Aug. 22, 1930, milk positive for Br. abortus. 

Nov. 22, 1930... 

4 

4 

4 

4 

4 

4 


Jan. 9, 1931-- — 

4 

4 

4 

4 

4 

4 

Jan. 24, 1931, milk positive for Rr. abortus. 
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Table 5. — Records of individual experimental animals — Continued 
VACCINATED HEIFER 13S6 


Date 


Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 


Remarks 



0.04 

0.02 

0.01 

0.005 

.. 

0.002 

0.001 


Apr. 10, 1929„___ 





_ 

_ 


Apr. 23, 1929.-- 

— 

~ 

— 

— 

— 

— 

Apr. 23, 1929, subcutaneous injection of 20 c c 

Apr. 30, 1929—- 


4- 

4- 

4- 

4- 

p 

abortion vaccine (Br. abortus strain 484). 

Alay 2, 1929 

+ 

+ 

+ 

4- 

4“ 

p 


Alay 7, 1929 

+ 

4- 

4- 

4- 

4- 

4- 


Alav 14, 1929— 

+ 

4" 

4- 

+ 

4- 

+ 


Alay 21, 1929— 

+ 

+ 

4" 

4- 

4“ 

4- 


June 4, 1929 

+ 

4- 

+ 

4- 

P 

— 

No breeding record. 

June 18, 1929— 


4- 

+ 

+ 

4- 

P 


July 2, 1929 

+ 

4- 

4- 

4- 

4- 

-f 


July 17, 1929--- 

+ 

4- 

+ 

4- 

4- 

— 


July 31, 1929- - 

+ 

4“ 

4- 

4- 

— 

— 


Aug. 27, 1929— 

+ 

-H 

P 

S 

— 

_ 


Sept. 11, 1929--- 

+ 

4" 

4- 

4- 

— 

__ 


Sept. 24, 1929--- 

t 

4- 

4- 

4- 

— 

— 


Oct. 8, 1929 

T- 

4- 

4“ : 

+ 

_ 

i — 


Oct. 21, 1929--- 

+■ 

4- 

P 

— 

— 

— 


Nov. 6, 1929 

+ 

4- 

+ 1 

” ; 

— 

1 — 


Nov. 19, 1929... 

-f i 

4- 

+ 1 

— 

— 

— 


Dec. 19, 1929—- 

+ 1 

S i 

— 

— 

_ 

— 


Jan. 8, 1930 

"j- 

P 1 

— 

— 

— 

_ 


Feb. 5, 1930 

P 


— 

— 

— 

— 


Mar. 5, 1930-.-. 

4“ 

4-' 

P 1 

— 

— 

— 

Mar. 3, 1931, produced a vigorous calf; guinea pigs 

Apr. 2, 1930 

■f 

+ ; 

4- 1 

— 

— 

_ 

inoculated with uterine material and colostrum 

Apr. 16, 1930—. 

+ 

4- 

4- i 

__ 

— 

1 — 

did not acquire abortion disease. 

July 16, 1930— - 

-f- 

4- 

4- ! 

4- : 

_ 

— 


Aug. 19, 1930— 


4- 

4- 

4- 

— 

— 


Sept. 30, 1930--- 

+ 

4- 

4" 

P 

— 

— 


Oct. 22, 1930—. 

4- 

f 

P 

S 

! — 

i ~ 

Oct. 22, 1930, received Br. abortus, conjunctival 

Nov. 22, 1930... 

4- 

4- 

4" 

4- 

1 4- 


exposure. 

Feb. 19, 1931—. 

4- 

4- 

+ ' 

— 




June 2, 1931 

4- 

+ 

4- : 

_ 

~ 
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Apr. 10, 1929-- 





___ 


Apr. 23, 1929.— 


— 

— 


— 

— 

May 2, 1929 


4- 

4- 

4- 

4" 

P 

May 7, 1929 

+■ 

4- 

4- 

4- 

4- 

4- 

May 14, 1929— 

4- 

4- 

4- 

4- 

4" 

4- 

May 21, 1929— 

4- 

4- 

4- 

4“ 

4- 

+ 

June 4, 1929 

+ 

4~ 

4- 

•f 

4- 


June IS, 1929— 

4“ 

4~ 

4- 

4- 

4- 

+ 

July 2, 1929 

4- 

4“ 

4- 

4- 

4- 

4- 

July 17, 1929— 

4- 

4- 

+ 

4- 

4- 


July 31, 1929-.- 

4- 

+ 

4- 

4- 

4- 

— 

-Aug. 27, 1929— 

4- 

4- 

4- 

S 


■ _ 

Sept. 11, 1929-. 

4- 

4- 

4- 

— 

_ 

— 

Sept. 24, 1929--. 

4- 

4- 

4" 

— 

_ 

— 

Oct. 8, 1929 

,4- 

4- i 

+ 

— 

1 _ 

— 

Oct. 21, 1929— 

t 

4" 

P 

__ 

i ~ 

— 

Nov. 6, 1929 

4~ 

+ ! 

4~ i 

— 

1 ~ 

_ 

Nov. 19. 1929...,: 

4- 

+ I 

+ ; 


— 

— 

Dec., 19, 1929—’ 

4- 

4- ' 

4~ ■ 

— 

_ 

1 — 

Jan.'S, 1930- 

4- ; 

4- 1 

P 1 

— 

— 

— 

Jan, 22, 1930--.: 

■4- i 

4" ! 

-f ! 

S 


— 

Feb. 5, 1930— - 

+ .1 

4- i 

4- i 

_ 

_ 

— 

Feb. 19, 1930—- 

+ i 

4-' i 

4" ' 1 

_ 


_ 

Alar. 5, 1930-.-^ 

4- ' 

4" : 

P ■ 

_ 

— 

— 

Alar. 19, 1930..- 

4- 

4" 

4- 1 

— 

_ 1 

— 

Apr. 2, 1930--- 

4- 

.4- ■ 


1 



— 

July 16, 1930- — ’ 

4- : 

4- 

P 


" 

_ 


Apr. 23, 1929, subcutaneous injection of 10 c c 
abortion vaccine (Br. abortus strain 484) . 


No breeding record. 


Oct. 19, 1929, received Br. abortus, conjunctival 
exposure. 


Apr. 11, 1930, produced a vigorous calf; guinea 
pigs inoculated with uterine material and 
guinea pigs inoculated with colostrum did not 
acquire abortion disease. 



Feb. 15, 1933 


Efficacy and Safety of Abortion Vaccines 


309 


Table 5. — Records of individual experhnental anmials—Contimied 
VACCINATED HEIFEE 1491 


i 

■ 

j 

Date 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Apr. 10, 1929...- 

_ 


_ 

_ 


_ 



_ 


Apr. 23, 1929 

— 

- 

- 

— 


- 

— 

— 

Apr. 23, 1929, subcutaneous injection of 20 c c 

Apr. 30, 1929.... 

+ 

- 

b 

4- 

- 

b 

4 

4 

abortion vaccine (Br. abortus strain 484). 

May 2, 1929. ... 

+ ■ 

- 

h 

+ 

- 

b 

4 

4 


May 7, 1929 

+ 

- 

h 

4- 

H 

b 1 

4 

4 


May 14, 1929.,. 

+ 

- 

h 

+ 

-• 

b 

■ + 

4 


May 21, 1929,.. 

+ 

- 

h ! 

4- 

H 

b 

4 

4 


June 4, 1929 

+ 

- 

h 

+ 

- 

b 

4 

4 


June 18, 1929 

+ 

-1 

h 

-b 

- 

b 

4 

— 


July 2, 1929 

' + 

- 

h 


- 

- 

4 

— 


July 17, 1929- — 

+ 

- 

h 

+ 

- 

L 

4 

— 

[ July 20, 1929, bred. 

July 31, 1929--.. 

+ 

- 

h 

4- 

“ 

L 

— 

— 


Aug. 27, 1929.-- 


- 

b 

S 

- 

- 

— 

— 

Aug. 10, 1929, bred. 

Sept. 11,1929.— 

+ 

- 

h 

4- 

- 

- 

. — 

•— 


Sept. 24, 1929-.- 

+ 


- 

! 4- 

- 

- 

— 

— 


Oct. 8, 1929 


- 


' 4 

- 


— 

— 


Oct. 21, 1929— 

-h 

- 

r 

4 

- 

- 

— 

— 

Oct. 31, 1929, bred. 

Nov. 6, 1929--- 


- 

- 

4 

- 

- 

— 

— 


Nov. 19, 1929-.- 

+ 

: - 

r 

' S 

- 

- 

— 

— 


Dec. 19, 1929 

+ 

- 

~ 

4 

8 


— 

__ 

Dec. 7, 1929, bred. 

Jan. 8, 1930 

+ 

- 

h 

4 


_ 

— 

Jan, 10, 1930, bred. 

Feb. 5, 1930 

+ 

- 

- 

! 4 

4 

—• 

— 

Feb. 8, 1930, bred. 

Mar. 5, 1930 

+ 

_ 

- 

P 

- 

- 

— 

— 


Apr. 2, 1930 



■- 

4 

- 

- 

— 

__ 


iVpr. 16,1930 

+ 

- 

r 

4 

- 

- 


— 


June 11, 1930-— 

+ 

- 

r 

4 

P 

S 

— 

June 10, 1930, received Br. abortus, conjunctival 

June 17, 1930— 

4- 

- 

b 

4 

P 

■— 

— 

e.vposure. 

June 28, 1930 

+ 

- 

- 

4 

4 

— • 



July 16, 1930..- 

+ 

H 

b 

4 

4 


— 


Aug. 19, 1930-.- 

4" 

H 

b 

4 

i s 

— 

— 

Nov. 6, 1930, produced a vigorous calf (271 days); 

Oct. 2, 1930 

4- 

H 

b 

4 

- 

~ 

— 

— 

guinea pigs inoculated with uterine material 

Nov. 11, 1930... 

+ 

H 

b 

4 

- 

_ 

— 

__ 

and with colostrum did not acquire abortion 

Nov. 22, 1930- .- 

4- 

H 

b 

P 

1 “ 

- 



disease. 

Jan. 9, 1931 

4- 

H 

b 

P 





Jan. 28, 1931, milk negative for Br. abortus. 


VACCINATED HEIFER 1499 


Apr. 10, 1929— 




_ 





Apr. 23, 1929— 


- 

— 

__ 

— 

— 

— 

Apr. 23, 1929, subcutaneous injection of 10 c c 

xVpr. 30, 1929— 

H 

b , 

4 

4 

4 

4 

P 

abortion vaccine {Br. abortus strain 484), 

May 2, 1929 

H 

b 

4 

4 

4 

4 

— 


May 7, 1929 

H 

b 

4 

4 

4 

4 

4 


May 14, 1929--- 

H 

b 

4 

4 

4 

4 

4 ! 


Alay 21, 1929--- 

H 

b 

4 

4 

4 

P 



June 4, 1929 


b 

4 

4 

4 

__ 

— 


June 18, 1929— 

- 

u 

4 

4 

P 

— 

— 

June 21, 1929, bred. 

July 2, 1929 

- 

b 

4 

; 4 

P 

__ 

— 


July 17, 1929- - 

- 


4 

: 4 

4 

— 



July 31, 1929-... 

_ 

b 

4 

4 

— 

— 

— 


Aug. 27, 1929-.- 

- 

b 

4 

S 

__ 

— 

__ 


Sept. 11,1929-- 

- 

b 

4 

— 

— 

— 

— 


Sept 24, 1929--- 

- 

b. 

4 

s 

— ! 

— 



Oct 8, 1929 

■ - 

b 

P 

— 

. 1 

— 



Oct 21, 1929— 

4 

4 

— 

__ j 

— 

_ 

Oct. 19, 1929, received Br. afiorfus, conjunctival 

Nov. 6, 1929 i 

H 

- 

4 

4 

__ 

. — 

— 

exposure. 

Nov. 19, 1929 -.-1 

H 

- 

4 

4 

— 1 

— 

~ 1 


Dec. 19, 1929— -1 

H 

- 

4 

4 

— ■ i 

_ 

— 


Jan. 8, 1930 ; 


- 

4 

■S 

— 

— 

” ■ 


Jan. 22, 1930--- 

H 

- 

4 

4 

_ 

— 

— 


Feb. 5, 1930— 

H 

- 

4 

4 

1 — 

— 

— 


Feb. 19, 1930—- 

j 

- 

4 

P 

— 


■ — 


Alar. 5, 1930 

H 

- 

4 

P 

— 

_ : 

' — ■ 


Alar. 19, 1930.-- 


- 

+ 

— 

— 

__ 

— 

Alar. 28, 1930, produced a vigorous calf (280 days) ; 

-Apr. 2, 1930—- 

-1 


4 

— 

— 

_ 

— 

guinea pigs inoculated with uterine material 

Apr. 16, 1930— 

-J 

>- 

P 

— 

— 

_ 


and guinea pigs inoculated with colostrum 

Apr. 22, 1930— 

- 

- , 

S 


— 

— . ■ 


failed to acquire abortion disease. 

July 16, 1930— 

- 

- 

+ 

P 

— 

— 

— 


Aug. 19, 1930.. _ 

~ 

~ 

4 

P 


— 


Aug, 19, 1930, milk negative for Br. abortus. 
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Table 5.— Records of individual experimental Continued 

VACCINATED HEIFER 1528 



Agglutination results when quantity 



of blood serum (cubic centimeters) 


Date 

indicated was used 



Remarks 


0,04 

0.02 

0.01 

0.005 

0.002 

0.001 


Apr. 10, 1929.. __ 






„ 


Apr. 23, 1929.... 

— 

— 

_ 

— 

— 

— 

Apr. 23, 1929, subcutaneous injection of 20 c c 

Apr. 30, 1929.... 

P 

— 

— 

— 

— 

— 

abortion vaccine (Br. abortus strain 484). 

Afay 3, 1929 

+ 

P 

— 

— 

_ 

— 


May 7. 1929 


+ 


4- 

4- 

__ 


May 14, 1929. _ . 

+ 

+ 

+ 

4- 

4- 



Alay 21, 1929.-. 

+ 

+ 


4- 

4- 



June 4, 1929 

+ 

+ 


4~ 


— 


June 18, 1929.... 

4- 

+ 

+ 

P 

— 

— 


July 2, 1929 

+ 

P 

p 

— 

— 

__ 


July 17, 1929.— 

+ 

+ 

p 

— 

— 

__ 


July 31, 1929.... 

+ 

P 

_ 

— 

~ 

— 


Aug. 27, 1929.-. 

P 

s 

— 

— 

— 

_ 

1 

Sept. 11, 1929.-. 

+ 

_ 

— 

— 

— 

— 


Sept. 24, 1929... 


s 

— 

— 

— 

— 


Oct. 8, 1929 

+ 

— 

— 


— 

— 


Oct. 21, 1929--.. 

P 

__ 

— 

— 

__ 

— 


Nov. 6, 1929 

P 

__ 

— 

— 

— 

__ 


Nov. 19, 1929--. 

P 

— 

— 

— 

1 — 1 

— 


Dec. 19, 1929—. 

P 

__ 


— 

— 

— 


Jan. 8, 1930 

P 

— 

— 


— ! 

_ 


Feb. 5, 1930 

; s 

__ 

— 

— 

— 

— 

Feb. 10, 1930, bred. 

Mar. 5, 1930--- 

— 


— 

— 1 

— 

— 


Apr. 2, 1930 

— 

— i 

— 

— 

— 

— 


June 11, 1930—-' 

+ 

_ 

— 

— 

— 

— 

June 10, 1930, received Br. abortus, conjunctival 

June 17, 1930—- 

p 

— 

— 

_ 

— 

— 

exposure. 

June 28, 1930—. 

+ 

4- 

4- 

S 

— 

— 

Nov. 20, 1930, produced a vigorous calf (283 days); 

July 16, 1930-- 

+ 

+- 

4" 

! s 

_ 

— 

guinea pigs inoculated with uterine material 

Oct. 2, 1930 

4~ 

-f 


— 

— 

— 

and with colostrum did not acquire abortion 

Nov. 11, 1930--- 

i> 

s 

— 

— 

— 

— 

disease. 

Nov. 22, 1930--. 


__ 


__ 



Jan. 31, 1931, milk negative for Br. abortus. 
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Apr. 10, 1929- - 







Apr. 23, 1929- - 


— 

— 


— 

— 

Apr. 30, 1929— 

4- 

+ 

__ 

__ 

__ 


May 2, 1929 

4- 

4- 

— 

— 

— 

— 

May 7, 1929 

4- 

H- 

4- 

+ 

4- 

4- 

May 14, 1929--. 

4- 

4- 

4- , 

4- 

P 

S 

May 21, 1929--. 

+ 

4- 

4- 

4- 

4- 

— 

June 4, 1929 

4- 

4- 

4- 

+ 

P 

— 

June 18, 1929— 

4- 

4" 

4- 

4- 

— 


July 2, 1929 

4“ 

P 

S : 



— 

July 17, 1929— 

F 

P 


— 

__ 

_ 

July 31, 1929.— 




_ 

— 

— 

Aug. 27, 1929--- 

. P 

S 

_ 


— 



Sept. 11, 1929--- 

.S 

— 

— 


— 

— 

Sept. 24, 1929-.- 

P 

— 

_ 

_ 

— 

_ 

Oct. 8, 1929 

— 


— 


— 

— 

Oct. 21, 1929.— 

P 

__ 

— 

__ 

__ 

— ■ 

Nov. 6, 1929. — . 


__ 

— 



— 

— 

Nov. 19, 1929. . - 

-- 


— , 

_ ■ ‘ 

__ 



Dec. 19, 19,29.— 

— 

— 

— 



_ 1 

— 

Jan. 8, 1930,— -— 

F 

_ 

__ 


— . 



Feb. 5, 1930— 

_ 

— 

_ 

_ 

_ 

— 

Mar. 5, 1930-..- 


— 

__ 





_ 

Apr. 2, 1930.--- 

— 

— 

— 


_ 


Apr. 16, 1930—. 


— 


— 

— 

— 

June 11, 1930— 

4- 

4- 

— 

— 

■ . 

— 

June 17, 1930—. 

P 


_ 

— 

— , 


June 28, 1930— 

4- 

4“ 

P 

— 

_ 

■ — 

July 16, 1930- — 

4" 

+ 

4- 

_ 



— 

Aug. 19, 1930--- 

P 



_ 

__ 



Oct. 2, 1930 

-- 

__ 

_ 

__ 

__ 


Nov. 11, 1930. -J 

S 

— 

_ 



__ 


Jan. 9, 1931 j 

i ' S 

— 

— 

— 

— 

_ 


Apr. 23, 1929, subcutaneous injection of 10 c c 
abortion vaccine {Br. abortus strain 484). 


Mar. 18, 1930, bred. 

June 10, 1930, received Br, abortm, conjunctival 
exposure. 


Dee. 15, 1930, produced a vigorous calf (272 days); 
guinea pigs inoculated with uterine material 
and guinea pigs inoculated with colostrum did 
not acquire abortion disease. 

Mar. 20, 1931, milk negative for Br. abortm. 
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Table b.—Records of individual experimental animals — Continued 
CONTROL HEIFER 1427 


Date 

.\ggIutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Oct. 8, 1929 







_ 



_ 

Oct. 21, 1929 

— 

— 

— 

— 

— 

— 

Nov. 6, 1929 

+ 

P 


_ 

— 

— 

Nov. 19, 1929_-- 

+ 

4 

_ 


— 

— 

Dee. 19, 1929.-- 


4 

4 

4 

— 

— 

Jan. 8, 1930 

+ 

4 

4 

4 

4 


Jan. 22, 1930 

H- 

4 

4 

4 

4 

4 

Feb. 5, 1930 

+ 

4 

4 

4 

4 

4 

Feb. 19, 1930-.__ 

-H 

4 

4 

4 

4 

4 

Mar. 5, 1930 

+ 

4 

4 

4 

4 

4 

Mar. 19, 1930... 

+ 

4 

4 

4 

4 

4 

Apr. 2, 1930 

+ 

4 

4 

4 

4 

P 

Apr. 16, 1930-.-. 

+ 

4 

4 

4 

4 

4 

July 16, 1930--- 

4- 

4 

4 

4 



Aug. 19, 1930-.- 

+ 

4 

4 

P 

— 

— 

Oct. 22, 1930.— 

4 

4 

4 

P 


— 

Nov. 11, 1930... 

4 

4 

P 

S 

_ 

— 

Jan. 9, 1931 

4 

+ 

4 

S 


— 


Remarks 


May 27, 1929, bred. 

Oct. 19, 1929, received Br. abortus, conjunctival 
exposure. 


Feb. 26, 1930, produced a vigorous calf (275 days); 
guinea pigs inoculated with uterine material 
and guinea pigs inoculated with colostrum 
acquired abortion disease. 


Aug. 16, 1930, milk positive for Br. ubortiis. 
Aug. 22, 1930, milk positive for Br. nlnyrtu.'f. 


CONTROL HEIFER 1429 


Oct. 8, 1929 ! 







, June 6, 1929, bred. 

Oct. 21, 1929 1 

— 


_ 

— 

_ 

1 — 

1 Oct. 19, 1929, received Br. abortus, conjunctival 

Nov. 6, 1929 i 

4 

4 

4 

4 

4 

__ 

exposure. 

Nov. 19, 1929.... 1 

4 

4 

4 

4 

P 

_ 


Dec. 19, 1929.... 

4 

4 

4 

4 

4 

4 


Jan. 8, 1930 

4 

+ ^ 

4 

4 

4 

4 

Jan. 10, 1930, aborted (218 days); guinea pigs were 

Jan. 22, 1930 ! 

4 

4 1 

4 

4 

4 

4 

infected with abortion disease by the Inocula- 

Feb. 5, 1930 

4 

4 1 

4 

4 

4 

4 

tion of uterine material and colostrum. 

Feb. 19, 1930 

4 

4 1 

4 i 

4 

4 

P 


Mar. 5, 1930 

4 

4 

4 ! 

4 1 

4 

P 


Mar. 19, 1930..- 

4 

4 

4 

4 i 

4 

S. ! 



CONTROL HEIFER 1447 


Oct. 8, 1929 


1 

j 


_ 

_ 

May 8, 1929, bred. 

Oct. 21, 1929.. -J 

— 

— 1 


— 

— 

... 

June 21, 1929, bred. 

Nov. .6, 1929 

4 

4 

4, i 

S 

— 

— 

Oct. 19, 1929, received Br. abortus, conjunctival 

Nov. 19, 1929- __ 

4 

4 

4 i 

4 

4 

... 

e.xposure. 

Dec. 19, 1929..- 

4 

4 

4 i 

4 

4 

— 


Jan. 8, 1930.- — 

4 


4 

4 1 

4 

4 

Nov. 26, 1929, aborted (158 days); guinea pigs in- 

Jan. 22, 1930-..- 

4 

4 

4 : 

4 i 

4 

4 

fected with abortion disease by inoculation of 

Feb. 5, 1930 

4 

4 

4 i 

4 

4 

4 

uterine material and colostrum. 

Mar. 19, 1930. -j 

i 

4 

4 

4 i 

4 

1 

4 

4 



CONTROL HEIFER 1489 


Oct. 8, 1929.. — j 








! 

1 


June 21, 1929, bred. 

Oct. 21, 1929. — i 

— 


- 

- 

- 

i 

- 

- 

.. 


Oct. 19, 1929, received Br, abortus^ conjunctival 

Nov. 6, 1929 ...J 

4 

i 4 

P 

; — 

- 


- 


exposure. 

Nov. 19, 1929... 

4 

H 

h 

i _ 

L 

! 

- 

- 




Dec. 19, 1929— 

4 

H 

h ' 

I _ 

h 

4 

H 

h 

- 

r 

Dec. 15, 1929, aborted (177 days); Br. abortm iso- 

Jan. 8, 1930 

4 

H 


i, _ 


4 ! 

H 


- 

r 

lated from uterine material and colostrum 

Jan. 22, 1930. — 

4 

H 

h 

- 

r 

4 j 

H 

- 

- 

h 

through guinea-pig inoculations. 

Feb. 5, 1930— 

4 


- 

- 

h 

4 ! 

H 

- 

- 

h 


Feb. 19, 1930— 

4 

J 

- 

“ 

h 

'4 ' 

H 

- 


- 


Mar. 5, 1930-._. 

4 


- . 

- 

h- 

■4 i 

H 

j 

- 

- 


Mar. 19, 1930.-- 

4 

- 

- 

- 

h 

4 

4 

-■ 

. 

- 


Apr. 2, 1930.--— ' 

4 


- 

J 

* 

4 

. H 

- 

- 

- 


Apr. 16, 1930— 

4 

■ -■ 

- 

H 

- 

4 


- 

- 

- ■ 


May 7, 1930- i 

4 

~ 

- 

H 

- 

4 

' H 

- 

H 

- 


May 17, 1930— ‘ 

'4 ' 

- 

- 

J 

~ 

4 

J 

- 

H 



July 16, 1930— 

4 

_ 

- 

H 


4 

' H 

- 

H 

- 


Aug. 19, 1930.... 

4 

" 

” 

H 


+ 

_■ 


H 
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Table 5 . — Records of individual expermiental animals — Continued 


. GONTEOL HEIFER 1548 


Dale 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Oct. 8, 1929 







Breeding date not recorded. 

Oct. 21, 1929.-_ 

_ 

_ 

— 

— 

— 

— 

Oct. 19, 1929, receiv^ed Br. abortus, conjunctival 

Nov. 6, 1929-.- 

-f 

+ 

4 

4 

P 

— 

exposure. 

Nov. 19, 1929-. 


-h 

4 

4 

— 

— 


Dec. 19, 1929— 

+ 

-f 

4 

4 

P 

— 


Jan. 8, 1930 ^ 

+ 

4- 

4 

4 

— 

— 


Jan. 22, 1930— i 

+ 


4 

4 

4 

— 


Feb. 5, 1930 1 

H- 

4- 

4 

4 


— 


Feb. 19, 1930—. 

+ 

4 

4 

4 

4 

4 

Feb. 15, 1930, aborted; Br. abortus isolated from 

Mar. 5, 1930 | 

+ 

4 

4 

4 

4 

p 

uterine material and from colostrum through 

Mar. 19, 1930... 

+ 

+ 

4 

4 

4 

1 + 

guinea-pig inoculations. 

Apr. 2, 1930 

+ 

H- 

i 4 

4 

4 

4 


Apr. 16, 1930..— 

+ 

1 4 

1 + 

4 ’ 

4 

1 + 


May 7, 1930- .. 

+ 

4 

4 

4 ^ 

4 

! 4 


May 17, 1930.... 

+ 

4 

4 

4 ’ 

H- 

P ! 


July 16, 1930— 

+ 

4 

4 

4 

— 

— 


Aug. 19, 1930 — 

+ 

4 : 

4 

4 

s 




CONTROL HEIFER 1446 


Jan. 28, 1930.... 




_ 




Sept. 3, 1929, bred. 

Mar. 5, 1930 

- 


4 

4 


_ 

— 

Feb. 24, 1930, received Br. abortus, conjunctival 

Mar. 19, 1930— 

- 

- 

4 

4 

4 

4 

P 

exposure. 

Apr. 2, 1930 


- 

4 

4 

4 

4 

4 


Apr. 16, 1930— 

H 

- 

4 

4 

4 

4 

4 

Mar. 17, 1930, aborted (195 days); guinea pigs 

May 7. 1930 

H 

- ; 

4 


4 

4 

4 

inoculated with uterine material and with 

July 16, 1930— 

H 

- 

4 

+ ^ 

4 

P 

P 

colostrum acquired abortion disease. 

Aug. 19, 1930— 


- 

4 

1 4 

4 

4 

4 


Jan. 9, 1931 


~ 

+ 


-f 

+ 

4 



CONTROL HEIFER 1625 


June 4, 1930 



1 



! — 

_ 

I 

Apr. 2, 1930, bred. 

June 10, 1930— 



— 

I — 

— 

— 

June 10, 1930, received Br. abortus, conjunctival 

June 17, 1930— 

! P 

— 

_ 

— 

— 


exposure. 

June 28, 1930.— 

4 

4 

4 

4 

P 

P 


July 16, 1930— 

4 

4 

4 

4 

4 

4 


Aug. 19, 1930— 

4 

4 

4 

4 

4 

4 


Oct. 2, 1930 ' 

4 1 

4 

4 

4 

4 

4 

Sept. 6, 1930, aborted (157 days); guinea pigs 

Nov. 11, 1930- - 

4 i 

4 1 

4 

4 

4 

4 

inoculated with uterine material and with 

Jan. 9, 1931—- 

4 

4 

4 : 

4 

4 

1 

4 

colostrum acquired abortion disease. 


CONTROL HEIFER 1584 


Oct. 2, 1930 








Dec. 5, 1929, bred. 

Oct. 22, 1930-.. 

— 

— 


— 

— 

— . 

Apr. 3, 1930, bred. 

Nov. 10, 1930-- 

4 

4 

4 

4 

P 

— 

July 16, 1930, bred. 

Dec. 20, 1930— 

4 

4 

4 

4 

S 

— 

Oct. 22, 1930, received Br. abortus, conjunctival 

Jan. 9, 1931 

t 

4 

4 

4 

4 

4 

exposure. 

Feb. 19, 1931— 

1 

4 

4 

4 

4 

i 

4 

4 

Jan. 13, 1931, aborted (181 days); guinea pigs 
inoculated xvith uterine material and with 
colostrum acquired abortion disease. 


Althougli the vaccine injections caused the development of marked 
agglutination reactions in the treated animals, the reactions in the 
course of time became much reduced in titer. It was not unusual 
for the agglutination titers of the principals to increase considerably 
for a few weeks after the conjunctival exposures and then to subside 
before parturition. 
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DISCUSSION OF RESULTS 

Tlie results of the experiments were regarded as encouraging. If an 
attempt had not been made to obtain information as to. the possibilities 
of the intradermic method of vaccine administration, the final results 
in all probability would have been even more favorable because 
implantation of the vaccine in the udder seemed to occur more regii- 
laiiy after intrademric than after subcutaneous injections. Moreover, 
strain 484 was plainly too virulent for use in vaccine, for the three cows 
which received, either in tradermically or subcutaneously, vaccine 
prepared from this strain, became long-time carriers of the infection 
in their milk. 

None of the Brucella abortus strains used for the preparation of 
vaccine in these experiments were regarded as avirulent . Although the 
vaccine prepared from strain 11, the least virulent one employed, pro- 
duced no visible lesions, in the 17 guinea pigs into wliich it was injected 
either subcutaneously or intra-abdominally, strain 11 on other 
occasions caused moderately marked lesions in guinea pigs that were 
killed two months after injection. Pregnant, susceptible cows that 
received subcutaneous administrations of vaccine prepared from this 
strain have, in some cases, maintained serological reactions of such 
intensity as to indicate localization of the infection in their udders. 
As the experiments proceeded and further guinea-pig inoculation 
tests were made of strains 11 and 19, some doubt arose as to whether 
there was a considerable degree of difference between the virulence of 
these two strains, the immunizing results of wliich appeared to be 
very much alike in cattle. 

The results of the experiments failed to indicate that the three 
Brucella abortus strains used in the preparation of the vaccines 
differed to any marked degree in immunizing effect. From the 
standpoint of safety, however, it was plainly evident that they dif- 
fered markedly. Vaccine prepared from as virulent a strain as No, 484 
could reasonably be expected to become implanted in the udder of 
many cows, even if the vaccine were subcutaneously administered 
when the cows were nonpregnant. Consequently the use of such a 
strain would be liiglily objectionable. That strain 19 was more 
virulent than strain 11 for cattle was evidenced by the fact that the 
intradermic injection of the former into a nonpregnant cow caused her 
to eliminate the microorganism in her milk for a prolonged period, 
w'hereas after the administration of the latter in the same manner, the 
infection could not with certainty be detected in the milk at any time. 
Tliis conclusion was based on the development of moderately marked 
agglutination reactions of guinea pigs after they were inoculated with 
milk rather than on the development of abortion disease lesions in 
these animals. Vaccines prepared from strains^ 11 and 19, when 
administered subcutaneously, gave evidence of being noninfective for 
the udders of nonpregnant cows. 

The degree of Brucella aSorto exposure to which the animals in 
this experiment were subjected was severe, as is shown by The fact 
that seven of eight controls had agglutination reactions with titers 
of 1 to 100 or higher in from 9 to 18 days after exposure. The single 
exception required a 2-month interval to react wfith a titer of 1 to 200 
but with a titer of 1 to 50 she reacted at the end of 18 days. 
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No appreciable difference was observed in the immunizing results 
produced by a 10 c c and a 20 c c dose of abortion vaccine of a density 
10 times that of tube 1 of the McFarland nephelometer, when the 
doses were adiniiiistered subcutaneously. It seems reasonable to 
believe that, with a suspension of the density employedj the amount 
injected could be subjected to even much greater variation without 
observable differences in results. 

The intensity of the thermic reactions that were occasioned by the 
vaccine injections did not appear to furnish any reliable information 
as to the degree of immunity which the vaccine might be expected 
to confer; in fact, the variation in such reactions shown by different 
animals was slight. 

CONCLUSIONS 

The data which the experiment yielded seem to justify the following 
conclusions : 

In the preparation of abortion vaccine for use in nonpregnant 
cattle, the virulence of the Brucella abortus strain or strains from 
which the vaccine is prepared is a matter of great importance, par- 
ticularly when the vaccine is to be used as an immunizing agent for 
nonpregxiant cows with functioning udders. 

The virulence of Brucella abortus strains for cattle can be determined 
with a considerable degree of accuracy by their effects on guinea pigs. 

Abortion v accine prepared from strains of Brucella abortus sufficiently 
virulent to cause extensive lesions in guinea pigs is likely to implant 
the infection in the udders of nonpregnant cows and may be eliminated 
in the milk for long periods. 

Abortion vaccine prepared from strains of Brucella abortus of greatly 
reduced ^ virulence, as indicated by guinea-pig-inoculation results, 
gives evidence of being reasonably efficient as an immunizing agent 
for abortion-disease-free cows and heifers when the vaccine is admin- 
istered subcutaneously two months or more before service. The 
danger of such a vaccine being implanted in the udder of the vacci- 
nated animal seems to be slight. 

Thep appears to be more danger of causing infection of the udder, 
in which it may persist for a long time, if the vaccine is injected 
intradermically than if it is injected subcutaneously; hence, the 
former seems to be a less satisfactory method of administration. 
The conjunctival method of exposure regularly transmits abortion 
disease to cattle. 



EFFICACY OF AN AVIRULENT STRAIN OP BRUCELLA 
ABORTUS FOR VACCINATING PREGNANT CATTLE ^ 

By W. E. Cotton, Superinterident; J. M. Buck, Assistant Siiperintendent; and 

H. E. Smith, Associate Veterinarian , Experiment Station, Bureau of Animal 

Industrij, United States DepaHment of Agriculture 

INTRODUCTION 

The experiment here discussed is one of a series conducted to 
develop, if possible, improved means of combating infectious abortion 
in cattle. This paper, dealing with the vaccination phase of the 
study, reports a continuation of investigations conducted in 1927 and 
1928, the results of which were presented briefly in 1928 ^ and in 
more detail in 1932.^ The present experiment makes use of a differ- 
ent method of exposure and a larger number of animals. 

Previous work at the Experiment Station,^ Bethesda, Md., showed 
that a strain of Brucella abortus that had become so attenuated, 
through long cultivation, that it would no longer produce lesions in 
guinea pigs unless administered in very large doses, would confer a 
considerable degree of resistance against virulent strains. The use 
of a similar strain by Huddleson^ not only induced immunity in 
guinea pigs, but also afforded a considerable degree of protection to 
cattle. Furthermore, Huddleson found that the strain he employed 
could be given to pregnant cows and heifers with impunity. 

Although the investigations of Huddleson led liim to conclude that 
the particular avirulent strain with which he worked increased 
resistance whether given before or after breeding, the results obtained 
at the Experiment Station indicated that the avirulent strain there 
used did not induce sufflcient immunity, when given before concep- 
tion, to protect the animals against a severe exposure, but if admin- 
istered after conception it offered some protection. 

The need for a dependable method of treating pregnant, non- 
infected animals in infected herds and the encouragement afforded 
by the results of Huddleson and by those obtained at the Experiment 
Station prompted further investigation of this phase of the immuniza- 
tion problem. 

VACCINE USED AND TESTS FOR VIRULENCE 

The Brucella abortus strain used in this experiment, designated 
Br. abortus strain 801, was isolated in 1915 from the milk of an 
infected cow. When the cattle in the experiment were vaccinated, 
this strain had undergone from 182 to 193 transfers. Despite the 
fact that it had lived so long on cultme media and had given indica- 

1 Received for publication May 26, 1932; issued March, 1933, 

2 Mohler, J. R. Rpt. of the Chief of the Bur. Anim. Indus,, U. S. Dept. Agr. Ann, Rpt., 20'22. 1928. 

3 Cotton, W. E. efficacy of different strains of brucella abortus as immunizing agents 
AGAINST INFECTIOUS ABORTION. Jour. Agr. Research 45: 705-724, 1932, 

« ScHROEDER, E. C., and Cotton, W. E. recent bureau of animal industry experiment station 
BOVINE INFECTIOUS ABORTION STUDIES. Jour. Amer. Vet. Med- Assoc. 66: 550-561. 1925. 

s Huddleson, I. F. the vaccinal immunization of animals against bacterium abortus (bang) 
INFECTION. IJ, S. Livestock Sanit. Assoc. Proc. (1925) 29:210-215. 1926. 


Journal of Agricultural Research, 
Washington, D. C. 


( 315 ) 


Vol. 46, No. 4 
Feb. 15, 1933 
Key No. A-155 



31 & 


Journal of Agricultural Research 


VoL 4(5, No. 4 


tioa of being iionlesion producing for guinoa pigs and nonpatiiogemc 
for cattle, its agglutinating value had never seemed to be impaired. 

To prove its lack of virulence for guinea pigs,^ groups ot ttiese 
animals were inoculated at irregular mtervals from August ^17, 
1928, to October 14, 1929, with physiological salt sohition suspensb 
of the microorganisms that had been transferred on culture media 
from 162 to 193 times. Of the 91 guinea pigs used, 73 were injected 
subcutaneously and 18 intra-abdoininally. The suspensions used in 
making the inoculations had a density equal to 10 times that of 
tube 1 of the McFarland nephelometer; the subcutaneous dose was 
% c c and the intra-abdominal dose was iK c c. ^ 

Six of the guinea pigs were lulled and autopsied at the end of 
six weeks, but the remainder were allowed to live about two months 
after they were inoculated. No lesions were observed, on autopsy, 
in any of the gumea pigs except testicle adhesions in six of those 
that were inoculated intra-abdominally. These lesions were not 
considered as being characteristic of abortion disease but rather 
as the result of a large amount of foreign material injected into the 
peritoneal cavity. 

Brucella abortus isolated from the spleens of 2 of the 6 guinea 
pigs that were killed at the end of six^ weeks after inoculation, 
though these organs showed no abortion-disease lesions. It was not 
possible, however, to^ isolate this microorganism from the spleens 
of 12 other guinea pigs which were permitted to live two months 
after inoculation. 

The avitylent Brucella abortus suspensions, though incapable of 
causing lesions to develop in anjr of the 91 guinea pigs, nevertheless 
induced the formation of agglutinins in the blood of all but a small 
proportion of them. ^ At the time of autopsy a blood sample was 
taken from each guinea pig. These samples on being tested for 
abortus agglutinins gave the following results: 

1 1 negative in all dilutions, 1-25 to 1-500 
7 positive in dilutions of 1-25 
15 positive in dilutions of 1-50 
17 positive in dilutions of 1-iOO 
19 positive in dilutions of 1-200 
22 positive in dilutions of 1-500 or more 

The variations in reactions were not confined to any particular 
group of guinea pigs. 

One nonreactmg heifer, about five months pregnant, was subjected 
to an intravenous injection of strain 801 as a preliminary test of 
its virulence on cattle. This heifer, No. 1336, was bred September 
4, 1928. ^ On Februap-^ 4, 1929, 10 c c of a suspension of strain 801, 
about twice the density of tube 1 of the McFarland nephelometer, 
was introduced into one of her jugular veins. Serum agar slants 
that were sowm with a loopful of the material used for the intra- 
venous exposure developed a heavy growth of Brucella abortus. Blood 
serum drawn from the heifer on Febuary 4, just before the intra- 
venous injection, gave negative results to the agglutination test. 
An agglutination test of her blood serum made March 23, about 
seven weeks after the injection, showed a titer of 1 to 500. On 
May 14 the titer had decreased to 1 to 200. The heifer gave birth 
to a vigorous calf June 17 , 1929 , 286 days after breeding. Her 
blood serum then showed slight agglutination in a 1 to 100 dOution. 
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Her placenta came away promptly. Six guinea pigs wMcli were 
inoculated mth an emulsion of cotyledons, and six guinea pigs 
which were inoculated with a composite sample of colostrum, were 
free from evidence of abortion disease when they were Mlled two 
months later. Although but one bovine animal w^as used at this 
time for determining the viiulence of the strain on cattle, the test 
was considered as being a severe one in view of the fact that the 
intravenous method was used in introducing the infection. 

EXPERIMENT ANIMALS AND METHODS OF VACCINATION 

To determine the value of this avirulent strain, administered after 
conception, in inducing resistance to Brucella abortus^ use was made 
of 19 pregnant cows and heifers. Of these 10 were principals and 

9 were controls. Five principals, cows 1503 and 1506 and heifers 
1497, 1527, and 1534, were vaccinated April 23, 1929; two principals, 
cow 1494 and heifer 1424, were vaccinated May 11, 1929; and three 
principals, heifers 1547, 1549, and 1556, w^ere vaccinated October 1, 
1929, and again on October 15, 1929. 

A large number of the animals used in the experiment were pregnant 
when purchased, hence no information \vas available as to their 
service dates. They were subjected to the tube aggliitmation test 
for infectious abortion at the time of purchase. The results were 
negative in all cases. Examinations of the animals made a few" days 
before they were vaccinated indicated that they were betw^een two 
and four months pregnant. 

The vaccine administered to the five principals on April 23, 1929, 
w-as prepared from the one hundred and eighty-second transfer of 
strain 801. The vaccine administered to the two principals on May 
11, 1929, was prepared from the one hundred and eighty-seventh 
transfer of the strain, and the vaccine administered to the three 
animals on October 1, 1929, and October 15, 1929, was prepared 
from the one hundred and ninety-second and one hundred and ninety- 
third transfers. 

The vaccine m all cases w^as adjusted to a density of about 10 
times that of tube 1 of the McFarland nephelometer. Of the animals 
which were vaccinated but once, four received a 20 c c dose and three 
received a 10 c c dose. The three animals vaccinated twice received 

10 c c of the vaccine on each occasion. When a 20 c c dose ivas used, 
half the quantity was injected under the skin in front of each shoulder, 
but when a 10 c c dose was used, the material was introduced at only 
one point. 

The temperatures of all the vaccinated animals were taken just 
before the vaccine was injected and daily thereafter for several days. 
The vaccine injections caused a rise in temperature of to 4° by 
the second or thhd day, but by the fourth or fifth day the tempera- 
ture had usually become normal again. Swellings which appeared at 
the pomts of inoculation sometimes reached a diameter of 3 to 4 inches 
and a thickness of from one-half to three-fourths of an inch by the 
second or third day, but within a week after the injection they had 
practically disappeared. 
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TESTS FOR BRUCELLA ABORTUS IN MILK OF VACCINATED 

ANIMALS 

Samples of milk were obtained froin cows 1503, 1506, and 1494 a 
week after yaccination and at weekly intervals thereafter until nine 
samples had been obtained from each animal. Four guinea pigs 
were then inoculated intra-abdominally with 5 c c of a composite 
sample to determine, if possible, whether Brucella abortus had invaded 
the udders of the cows. Although the development of abortion- 
disease lesions could hardly be anticipated, even if abortion micro- 
organisms were present in the milk, it seemed reasonable to expect 
that if present they would cause reactions in the blood serum of the 
guinea pigs. In no instance, however, were the results of the blood- 
serum agglutination tests found to be positive when the guinea pigs 
were killed about two months after inoculation, nor could Br. abortus 
lesions be detected in the guinea pigs at autopsy. 

EXPOSURE OF EXPERIMENT ANIMALS TO BRUCELLA ABORTUS 

The vaccinated cattle were exposed to virulent strains of Brucelki 
abortus within one to two months after vaccination. Seven principals 
and seven controls were exposed June 26, 1929, and three principals 
and twm controls were exposed November 18, 1929. 

At the time of the earlier exposure, it was not realized that the 
conjunctival method of exposure regularly transmits abortion disease 
to cattle, consequently both the conjunctival and ingestion methods 
were used. However, when the second lot of animals were exposed 
only the conjunctival method was used. Suspensions of Br, abortus 
were employed for the exposures in all cases. The suspensions used 
on June 26, 1929, were prepared from two virulent strains of Br, abortus^ 
Nos. 484 and 1420. Both represented the sixth transfer. For the 
conjunctival exposure, a suspension twenty times the density of tube 1 
of the McFarland nephelometer was used. From three to four drops 
were deposited on the conjuctiva of one eye of each animal. For the 
ingestion exposure, each animal received 100 c c of a suspension, the 
density of which was about twice that of the McFaiiaiid nephelometer 
tube 1. The three principals and two controls which were exposed 
on November 18, 1929, received a suspension pre])ared from the 
second, fourth, and sixth transfers, respectively, of three virulent 
Br. abortus strains, Nos. 1497, 1456, and 1531. Four drops of the 
suspension, which was about twenty times the density of the McFar- 
land nephelometer tube 1, w^ere deposited on the conjuctiva of one 
eye of each animal. 

When an anmal calved or aborted, six guinea pigs were inoculated 
withmterine discharges or placental material. Six guinea pigs were 
also inoculated with 5 c c of a composite sample of colostrum. When 
animals aborted, cultural studies were made of the fetuses. Table 1 
shows the immunizing results of the 19 animals used in the experiment. 
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Table 1. — Immunizing results obtained hj the use of Brucella abortus 801 strain 
vaccine in 1 0 princifjals as compared loith the results obtained with 9 controls 


ANIMALS VACCINATED WITH BRUCELLA ABORTUS SOI STRAIN VACCINE 


Animal No. 

Date of vac- 
cination 

Vac- 

cine 

close 

Date of ex- 
posure 

Date of calv- 
ing or aborting 

Outcome of preg-" 
nancy 

Results 
of uter- 
ine ex- 
amina- 
tions 
for Br. 
abortus " 

Results 
of colos- 
trum 
exami- 
nations 
for Br. 
abortus 

Cow: 

1503 

Ar)r. 23, 1929 

c c 

20 

June 26, 1029 

Sept. 29, 1929 

Aug. 19,1929 

Sept. 4,1929 

Dec. 6, 1929 

Vigorous calf- 



Heifer: 

1497___., 

do -- 

20 

do 

Aborterl 

+ 

+ 

+ 

Cow; 

1506 

do, 

20 

---,-do 

Weak calf . 

+ 

Heifer: 

1527 

do--- 

10 

do,- 

Vigorous calf 


1534 

do 

10 

cio 

Aug. 10,1929 

Nov. 9,1929 

Oct. 9, 1929 
Feb. 24, 1930 

Jan. 27,1930 

Mar. 13, 1930 

Aborted ,, 

4- 


Cow; 

1494 

May 11, 1929 

20 

do 

Vigorous calf 



Heifer: 

1424 

do 

10 

-----do - 

Weak calf 

+ 

4- 

1547 

rOct. 1, 1929 
lOct. 15,1929 
fOct. 1, 1929 
\Oet. 15,1929 
rOct. 1, 1929 
iOct. 15,1929 

10 

10 

10 

10 

10 

10 

}nov. 18, 1929 

Vigorous calf--- 


1549 

1 do 

Aborted _ _ 

+ 

4- 

4- 

1556 

1 ^do 

Weak calf (died) 

4- 





CONTROL ANIMALS NOT VACCINATED 


Cow: 

1376 



I June 26,1929 

do 

July 26, 1929 

Nov. 21, 1929 
Aug. 25, 1929 
Oct. 26,1929 

Aug. 28, 1929 

Sept. 17, 1929 
Sept. 30, 1929 
Feb. 21,1930 

Aborted 

4- 

4- 

Heifer: 

1450- . 



Vigorous calf 


1538 



i do 

Aborted 

4- 

+ 

+ 

4- 

1540 - 



do 

do 

Cow: 

1488 



do 

do 

Heifer: 

1531 - 



do 

do 

+ 

"f- 

1456 



do 

do - 

-j" 


1553 



Nov. 18, 1929 
do 

do._ - 

4- 

-1- 

1554 



Jan. 5, 1930 

Weak calf (died) 

+ 

4- 







“ Key: + indicates presence of Brucella abortus; — indicates absence of Hr. abortus. 


Of the 10 vaccinated animals which were exposed to virulent 
strains of Brucella abortus, 4 produced vigorous calves. The pres- 
ence of Br, abortus in the uterus or colostrum at the time of calving 
could not be demonstrated. Three principals pi'oduced weak calves, 
one of which died shortly after birth. Br, abortus was found in the 
uterus and colostrum of each of these cows. Three principals aborted, 
and Br, abortus was isolated from the uterus and colostrum of each of 
them. 

Of the nine control animals only one produced a vigorous calf. 
Her uterus and colostrum appeared to be free from Brucella ahortus 
infection. One control animal produced a calf which did not have 
sufficient vigor to live. Br, abortus infection was demonstrated in the 
uterus and colostrum of the dam. Seven of the control animals 
aborted; jBr. abortus infection was found in the uteri of all seven 
animals and in the colostrum of six. 

In the group of 10 vaccinated animals the placenta was promptly 
expelled by 8 animals and retained by 2. ^ In the group of 9 control 
animals the placenta was expelled by 3 animals and retained by 6. 

Table 2 gives in detail the records of the 19 animals used in the 
experiment. 
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Table 2 . — Records of individual experimental animals 
VACCINATED COW 1503 


Date 


Apr. 10 , 1929.... 
Apr. 23, 1929.... 
Apr. 30, 1929.... 

May 7, 1929 

May 14, 1929... 
May 21 , 1929.... 

June 4, 1929 

June 11 , 1929.... 
June IS, 1929.... 

June 27, 1929 

July 2 , 1929 

July 17, 1929.... 
July 31, 1929.... 
Aug. 27, 1929- _. 
Sept. 11 , 1929. __ 

Oct. 8, 1929 

Oct. 23, 1929..-. 

Nov. 6, 1929 

Nov. 19, 1929... 
Dec. 19, 1929.... 

Jan. 8, 1930 

Jan. 22, 1930.... 

Feb. 5, 1930 

Mar. 5, 1930 

Apr. 2, 1930 

July 16, 1930.... 

Oet. 2, 1930 

Nov. 11 , 1930... 


Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 


0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

+ 

+ 

4- 

4- 

P 

p 

H- 

+ 

+ 

4- 

4- 

p 

+ 

+ 

4" 

4- 

S 

— 

+ 

+ 

+ 

4- 

4- 

— 


-b 

4- 

4- 


— 

-b 

+ 

+ 

4- 

— 

_ 


+ 

4- 

4- 


— 

-f 

+ 

P 

— 

— 

_ 

-f 

4- 

_j_ 

P 

— 

— 

■+ 

4- 

4- 

4- 

+ 

— 

+ 

4- 

4- 

“b 

P 

_ 

-f- 

+ 

4- 

S 

— 

— 

-b 

4- 

+ 

__ 

— 

— 

-b 

4~ 

+ 

— 

__ ! 

— 

~b 

P 

_ 

— 

— 

_ 

~b 

4~ 

__ 

— 

— 

— 


P 

— 

— 

— 

— 

+ 

P 

— 


_ 

_ 

+ 

P 

— 

1 ~ 

_ 

— 

-b 

S 

_ 


— 

_ 

4- 

+ 

— 

— 

— 

_ 

-b 

4- 

P 


— 

__ 

+ 

S 

— 

— 

_ 

_ 

-b 

P 

S 

— 

— 

_ 

-b 

4- 

P 



__ 

+ 

P 

s 



_ 


Remarks 


Apr. 23, 1929, subcutaneous injection 20 c c abor- 
tion vaccine. 

Apr. 30, 1929, milk negative for Br. abortus. 

May 7, 1929, milk negative for Br. abortus. 

May 14, 1929, milk negative for Br. abortus. 

May 21, 1929, milk negative for Br. abortus. 

May 28, 1929, milk negative for Br. abortus. 

June 4, 1929, milk negative for Br. abortus. 

June 11, 1929, milk negative for Br. abortus. 

June 18, 1929, milk negative for Br. abortus. 

June 26, 1929, received Br. abortus, conjunctival 
and ingestion exposure. 

July 2, 1929, milk negative for Br. abortus. 

Sept. 21, 1929, milk negative for Br. aborttis. 

Sept. 29, 1929, produced a vigorous calf; guinea 
pigs inoculated wdth uterine material and colos- 
trum failed to acquire abortion disease. 

Oct. 15, 1929, milk negative for Br. abortus. 


VACCINATED HEIFER 1497 


Apr. 10, 1929.— 








Apr. 23, 1929— 

— 


. 

_ 


— 

Apr. 30, 1929— 

4- 

+ 

_ 

- 

4- 

4- 

May 7, 1929 

4- 

4- 

H 

- 

4- 

4- 

May 14, 1929--- 

4- 

+ 

j 

- 

4- 

4- 

May 21 , 1929.-. 

4- 

4* 

_ 

- 

4- 

+ 

June 4, 1929 

+ 

4- 


- 

4- 

P 

June 11 , 1929—. 

4- 

4- 


- 

4“ 


June 18, 1929— 

4- 

4- 

H 

_ 


— 

June 27, 1929— 

4- 

+ 


- 

P 

_ 

July 2, 1929 1 

4- 

+ 

- 

- 

4” 

— 

July 17, 1929-...i 

4- 

4- 

- 


4- 

_ 

July 31, 1929.-.. 

+ 

+ 

. 

b 

4" 

4- 

Aug. 27, 1929. 

4- 

4- 1 

4- 

4- 

4- 

Sept. 11 , 1929... 

4- 

+ 

- 

h 

-h 

4" 

Sept. 24, 1929... 

4- 

_i_ 

- 

- 

4” 

+ 

Oct. 8, 1929 

-j- 

4- ! 

- 

- 

4- 

~b 

Oct. 23, 1929.... 

1 4- 

4“ i 

- 

- 

+ 

+ 

Nov. 6, 1929 

; 4- 

T 

H 


4- 

+ 


Apr. 23, 1929, subcutaneous injection of 20 c c 
abortion vaccine. 


June 26, 1929, received Br. abortus, conjunctival 
and ingestion exposure. 

Aug. 19, 1929, aborted; Br. abortus isolated from 
fetus by cultural methods; guinea pigs inocu- 
lated with uterine material and with colostrum 
developed abortion disease. 

Oet. 15, 1929, milk positive for Br. abortus. 


VACCINATED COW 1506 


Apr. 10, 1929—. 







Apr. 23, 1929— - 

— 

— 


_ 




Apr. 30, 1929—. 

4- 

4- 

+ 

4- 

+ 


May 7, 1929 

4- 

4- 

4- 

4- 

+ 


May 14, 1929— 

4- 

+ 

4“ 

+ 

4 . 


May 21 , 1929— 

4- 

4- 

4“ 

P 



June 4, 1929 — ..1 

4- 1 

4- 

4“ 

4- 

— 


June 11, 1929—. 

+ : 

4- 

4- 

4 . 

■ 


June 18, 1929—. 

4- 

4- 

4- 

-f 

__ 


June 27, 1929—. 

+ 

4“ 

-j- 

1 F 



July 2 , 1929 

4- 

4- 

"b 

P 



July 31, 1929— 

-h 

+ 

4- 

-j~ 

+ 



Apr. 23, 1929, subcutaneous injection of 20 c c 
abortion vaccine. 

Apr. 30, 1929, milk negative for Br. abortus. 

May 7, 1929, milk negative for Br. abortus. 

May 14, 1929, milk negative for Br. abortus. 

May 21 , 1929, milk negative for Br. abortus. 

May 28, 1929, milk negative for Br. a&orfws. 

J une 4, 1929, milk negative for Br. abortus. 

June 11 , 1929, milk negative for Br. abortus. 

June 18, 1929, milk negative for Br. abortus. 

June 26, 1929, received Br. abortus, conjunctival 
and ingestion exposure. 


“!'M^lvi(ten?e o?d^^ clumping of bacteria; P, partial clumping; S, a trace of agglutination; 

columns indicate cubic centimeters of blood serum. They represent aruvroximate 
^ l'« 00 , respectively, ShZ S^ 
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Table 2. — Records of individual experimental Continued 

VACCINATED COW ISOG-Oontinued 


Date 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

1 

0.002 

0.001 

Aug. 27, 1929.,.. 

-h 

+ 

+ 

+ 

s 

_ 

July 2, 1929, milk negative for Br, abortus. 

Sept. 11, 1929--- 



+ 

+ 

+ 

+ 

Sept. 4, 1929, produced a weak calf; guinea pigs 

Sept. 24, 1929 - -. 


+ 

+ 

+ 

+ 

+ 

inoculated with uterine material and with 

Oct. 8, 1929 


+ 

; + 

4- 

+ 

4- 

colostrum acquired abortion disease. 

Oct. 23, 1929---. 

-f 

+ 

+ 

+ 

+ 

p 

Sept. 24, 1929, milk negative for Br. abortus. 

Nov. 6, 1929 


+ 

+ 

+ 

4- 

+ 

Oct. 15, 1929, milk negative for Br. abortus. 

Nov. 19, 1929--- 


+ 

1 + 

-f 

p 

— 


Dec. 19, 1929.. - 

+ 

+ 

+ 

+ 

— 

— 


Jan. 8, 1930--.-- 

+ 

+ 

i + 

4- 

— 

— 


Jan. 22, 1930---. 

-h 

H 

h . 

+ 

p 

~ 

_ 


Feb. 5, 1930 

+ 

H 

1- 

+ 

p 

_ 

— 


Mar. 5, 1930 

+ 

H 

h 

+ 

~ 

— 

_ 


Apr. 2, 1930-.-- 

+ 

, H 

r 

+ 

— 

— 

— 


June 16, 1930—. 


+ 

+ 

p 



Jan. 19, 1931, milk negative for Br. abortus. 


VACCINATED HEIFER 1527 


Apr. 10, 1929— 

_ 



— 

_ 

— 




Apr. 23, 1929— .1 

- 

- 

_ 


— 

-- 

— 

Apr. 23, 1929, subcutaneous injection of 10 c c 

Apr. 30, 1929—. 

+ 

+ 

-H 

+ 

+ 

+ 

abortion vaccine. 

May 7, 1929 

+ 

H- 

+ 

+ 

4- 

“T 


May 14, 1929— 

+ 

+ 

+ 

+ 

+ 

+ 


May 21, 1929— 


- 

+ 

+ 

+ 

+ 



June 4, 1929 

-H 

“ 

+ 

+ 

+ 

— 

— 


June 11, 1929 

-i 

- 

+ 

+ 


— 

— 


June 18, 1929— 

H 

- 

+ 

+ 

+ 

P 

— • 


June 27, 1929 — 

H 

- 

+ 


4^ 

-- 

_ 

June 26, 1929, received Br. abortus, conjunctival 

July 2, 1929 

H 

- 


P 

p 

— 

— 

and ingestion exposure. 

.July 17, 1929—. 

H 

- 

+ 

+ 

+ 

— 

— 


July 31, 1929—. 

H 

- 

+ 

4^ 

+ 

— 

— 


Aug. 27, 1929— 

H 

- 

+ 

s 

— 

— 

— ! 


Sept. 11, 1929... 

H 

- 

-f- 

+ 

+ 

— 

__ 


Oct. 8, 1929 

H 

- 

+ 

p 

_ 

— 

— 


Oct. 23, 1929—- 

H 

- 


: + 

— 

1 — 

— 


Nov. 6, 1929 

H 

- 

+ 

+ 

— 

— 

— 


Nov. 19, 1929- . . 

-| 

- 

+ 

1 P 

— • 

— 

— ■ 


Dec. 19, 1929—. 

H 

- 

+ 

P 

_ 

— 

— 

Dec. 6, 1929, produced a vigorous calf; guinea pigs 

Jan. 8, 1930 

H 

- 

+ 


— 

__ 

— 

inoculated with uterine material and with colos- 

Jan. 22, 1930 

H 

h 

+ 

P 

1 _ 

— 

■ __ 

trum did not contract abortion disease. 

Feb. 5, 1930 

H 

h 

+ 

+ 

— 

— 

— 


Mar. 5, 1930 

H 

|- 

4- 


_ 

_ 

_ 


Apr. 2, 1930 

i ^ 

r 

p 


" 


_ 



VACCINATED HEIFER 1534 


Apr. 10, 1929-.--^ 

— ' 









— 

Apr. 23, 1929, subcutaneous injection of 10 c c abor- 

Apr. 23, 1929—- 

— 

— 

■— 

— 

— 

_ 

tion vaccine. 

Apr. ;30, 1929-.. 


__ 

— 

— 

— 

— 


May 7, 1929 

+ 

4" 

4- 

+ ■ 

4- 

4- 


May 14, 1929— 

4- i 

4- 

4- 

4- 

+ 

— 


May 21, 1929.... 

4- 

4- 

4 



— 


June 4, 1929....- 

4- ! 

4- 

4- 

P 

__ 

— 


June 11, 1929.-.- 

4- 

+ 

4" 


— 

_ 


June 18, 1929 

4- 

+ 

P 

~ 

, _ 

— 


June 27, 1929 

4- 

4- 

— 

— 

— , 

— 

June 26, 1929, received Br. abortus, conjunctival 

July 2, 1929 

+ 

+ 

P 

— 

— 

— 

and ingestion exposure. 

July 17, 1929... . 

+ : 

+ 

4- 

4- 

P 

— ■ 


July 31, 1929—. 

4- 

■4 

+ 

4- 

— 

— ■ 


Aug. 27, 1929— 

+ 

+ 

4" 

4- 

4- 

s 

Aug. 10, 1929, aborted; guinea pigs which were 

Sept. 11, 1929... 


4- 

+ 

-f 

4- 

4- 

inoculated with uterine material and with 

Sept. 24, 1929-.. 

+ 

+ 

+ 

4- 

. 4- 

4- 

colostrum contracted abortion disease. 

Oct. 8, 1929 — . 

+ ; 

4- 

4- 

4- 

+ 

4- 


Oct. 23, 1929—. 

4- 

4- 

,,-b 

4 

-b 

1 .4- 


Nov. 6, 1929.--. 

■4-' 

+ 

+ 

p 

P 

1 P 


Nov, 19, 1929. . - 

4- 


-b 

+ 

4- 

P 


Jan. 22, 1930 

4- 

+ 

4- 

+ 

+ 

S 

Jan. 21, 1930, milk negative for Br. abortus. 

Feb. 5, 1930—.. 

' 

+ 'I 
1 

4 

+ 

4- 



Feb. 15, 1930, milk negative for Br. abortus. 
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Table 2. — Records of individual experimental animals — Coiitimied 
VACCINATED COW 1494 


Date 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Mav 7, 1929 







Mav 11, 1929, subcutaneoiis injection of 20 c c 

May 14, 1929_..- 

_ 

_ ' 

~ 

__ 

— 

— 

abortion vaccine. 

May 21, 1929._- 

+ 

H- 

+ 


+ 

+ 

May 21, 1929, milk negative for Br. abortus. 

.Tune 4, 1929, 

+ 

+ 

+ 

+ 

+ 


xMay 28, 1929, milk negative for Br. abortus. 

June 11, 1929„.. 



+ 

+ 

+ 

+ 

June 4, 1929, milk negative for Br. abortus. 

June 18, 1929__..: 

+ 

+ 


+ 

+ 

+ 

June 11, 1929, milk negative for Br. abortus. 

June 27, 1929_„- 

+ 

-b 

+ 

+ 

+ 

+ 

June 18, 1929, milk negative for Br. abortus. 

July 2, 1929 j 

+ 


+ 

+ 

+ 

+ 

June 26, 1929, received Br. abortus, conjunctival 

July 17, 1929... J 

+ 

+ 

+ 



— 

and ingestion exposure. 

July 31, 1929.-. 

+ 

+ 

"b 

+ 

+ 

p 

July 2, 1929, milk negative for Br. abortus. 

Aug. 27, 1929— i 

+ 

, + 

P 

s 

— 

— 

Aug. 13, 1929, milk negative for Br. abortus. 

Sept. 11, 1929.. -i 

+ 

+ 

+ 

+ 

_ 

— 

Sept. 21, 1929, milk negative for Br. abortus. 

Sept. 24, 1929. -1 

+ ^ 

+ 

+ 

P ! 

— 

— 

Nov. 9, 1929, produced a vigorous calf; guinea 

Oct. 8, 1929 I 

+ 

+ 

+ 

P 

_ — 


pigs inoculated with uterine material and with 

Oct. 23, 1929...- 

+ i 

+ 

P 

— 

— 

_ 

colostrum did not contract abortion disease. 

Nov. 6 , 1929 

+ 

+ 

P 

~ 

— 

— 

Aug. 19, 1930, milk negative for Br. abortus. 

Nov. 19, 1929... 

i + 

1 

+ 

+ 

I*. 





VACCINATED HEIFER 1424 


May 7, 1929 

_ 


_ 


_ 

1 ■_ 


May 11, 1929, subcutaneous injection of 10 c c 

May 14, 1929. 

— 

■— 

- 


_ 

— 

— 

abortion vaccine. 

May 21, 1929. 

H" 

+ 

b 

- 

+ 

+ 

+ 


June 4, 1929 

+ 

+ 

b 

- 

-b 

P 

s 


June 11, 1929.— 


. + 


- 


+ 

— . 


June 18, 1929....: 

+ 

-b 

i 

H 

- 

+ 

“b 

— 


June 27, 1929.,.- 

+ 

+ 

H 

- 

P 


— 

June 26, 1929, received Br. abortus, conjunctival 
and ingestion exposure. 

July 2, 1929 

+ 

+ 

H 

- 

+ 

— 

— 

July 17, 1929.... 

+ 

+ 

H 

u 

-f 

— 

— 


July 31,1929-... 

“b 

+ 

H 

- 


— 

— 


Aug. 27, 1929... 

-b 

+ 


- 

+ 

+ 

p 


Sept. 11, 1929... 


+ 

- 

- 

+ 

+ ! 

+ 


Sept. 24, 1929.-- 

+ 

+ 

- 

. 

+ 

+ 

+ 


Oct. 8, 1929 

+ 

+ 

- 

- 

+ 

+ 

+ 

Oct. 9, 1929, produced a weak calf; guinea pigs 

Oct. 23, 1929.... 

+ 

+ 

- 

- 

+ 

-b 

+ 

inoculated with uterine material and with 

Nov. 6, 1929 

+ 

+ 

- 

. 

+ 

+ 


colostrum contracted abortion disease. 

Nov. 19, 1929... 

+ 

+ 

- 

“ 

-b 

+ 

+ 



VACCINATED HEIFER 1547 


Sept. 11, 1929... 

— 

_ 

_ 

_ 


_ 

Oct. 1, 1929, subcutaneous injection of 10 c c 

Sept. 24, 1929. .. 

— 

“ 

“ 

— 

— 


abortion vaccine. 

Oct. 8, 1929 

+ 

i + 

1 + 

+ 

+ 

+ 

Oct. 15, 1929, subcutaneous injection of 10 c c 

Oct. 23, 1929.— 

+ 

+ 

+ 

+ 

+ 

S 

abortion vaccine. 

Nov. 6, 1929.... 

+ 


i + 


“b 

— 

Nov. 18, 1929, received Br. abortus, conjunctival 

Nov. 19, 1929--- 

+ 

+ 

1 + 

4* 

P 

— 

exposure. 

Dec. 19, 1929— 

+ 

+ 

+ 

p 

_ 

— 

Feb. 24, 1930, produced a vigorous calf; guinea 

Jan. 8, 1930 

+ ! 

+ 

4* 

— 1 

— 

— 

pigs inoculated with uterine material and with 

Jan. 22, 1930..- 

+ . i 

+ 

+ 1 

— 

— 

— 

colostrum did not contract abortion disease. 

Feb. 5, 1930 

+ 

+ 

+ i 

s 

— 

~ ' 


Feb. 19, 1930— 

+ 

+ 

S I 

— 

— 

' _ 


Mar. 5, 1930 

+ 

+ 

— 


— 

_ 


Mar. 19, 1930. .. 

+ 

+ 

— 

_ 

_ 

_ 1 


Apr. 2, 1930 

+ i 


_ 

— 

— 

_ 


July 16, 1930- - 

+ 


“ 

— 

— . 

_ 



VACCINATED HEIFER 1549 


Sept. 11, 1929— 

— 

— 

_ 


- 

- 

_ 

Sept. 24, 1929-.. 

_ 


— 

— 

- 

- 

— 

Oct. 8, 1929 

+ 

+ 

4- 

4- 

P 

S 

Oct. 23, 1929— 

+ 

+ 

4- 

+ 

4- 

b_ 

Nov. 6, 1929.... 

+ 


4- 

4- 

4- 

4- 

Nov. 19, 1929--. 


+ 

+ 

4- 

- 

b 


Dec. 19, 1929— 

+ 

4- 

4- 

4- 

b 

[_ 

4- 

Jan. 8, 1930.---- 

+ 

4- 

4- 

4- 

- 

- 

4- 

Jan. 22, 1930---. 

+ 

4- 

4- 

4- 

b 

|- 

4- 

Feb. 5, 1930 

+ 

4- 

4- 

4- 

b 

b 

4“ 

Feb. 19, 1930—. 

s + 

! 4- 

4- 

4- 

j 

. 

4- 

Mar. 5, 1930.... 

+ 

4- 

+ 

4- 


b 

j. 

Mar. 19, 1930... 

+ 

"b 

+ ! 

4- 

b 

b 

4 . 

Apr. 2, 1930 

+ 

+ 

4- 

4- 

b 

b 

4 . 

May 17, 1930—. 

+ 

4- 

4- 

4- 

b 

b 

4“ 


Oct. 1, 1929, subcutaneous injection of 10 c c abor- 
tion vaccine. 

Oct. 15, 1929, subcutaneous injection of 10 c c abor- 
tion vaccine. 

Nov. 18, 1929, received Br. afiorfws, conjunctival 
exposure. 

Jan. 27, 1930, aborted; Br. abortus isolated from 
both uterine material and colostrum through 
inoculation of guinea pigs. 
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Table 2 .^ — Records of mdividiial experimental animals—Coxitimied 
VACCIlSrATED llEIFEl^. 155(5 



Agglutination results when quantity 



of blood serum (cubic centimeters) 



indicated was used 




Date 







Remarks 


0.04 

0.02 

0.01 

0.005 

0.002 

0.001 


Sept. 11, 1929.. _ 


_ 

— 


_ 

_ 

Oct. 1, 1929, subcutaneous injection of 10 c c abor- 

Sept. 24, 1929.. _ 

— 

~ 

~ 

— 

~ 

— 

tion vaccine. 

Oct, 8, 1929 

+ 

4- 

4 

P 

s 

— 

Oct. 15, 1929, subcutaneous injection of 10 c c 

Oct. 23, 1929 

+ 

4- 

4 

4 

4 

4 

abortion vaccine. 

Nov. 6, 1929 

+ 

+ 

4 

4 

4 

_ 

Nov. 18, 1929, received Br. abortus, conjunctival 

Nov. 19, 1929--- 

+ 

-h 

4 

4 

„ 

— 

exposure. 

Dec. 19, 1929.... 

+ 

4- 

4 

4 

4 

4 


Jan. 8, 1930 

+ 

4" 

4 

4 

4 

4 


Jan. 22, 1930 

+ 

4 

4 

1 

4 

4 


Feb. 5, 1930 

+ 

4 

4 

4 

4 

4 


Feb. 19, 1930.... 

+ 

4 

4 

4 

s 



Mar. 5, 1930 

+ 

4 

4 

4 

__ 

— 


Mar. 19, 1930.. _ 


4 

4 

4 

4 

P 

Mar. 13, 1930, produced a weak calf which died; 

Apr. 2, 1930 

+ 

4 


4 

4 

4 

guinea pigs inoculated with uterine material 

July 16, 1930---- 

4- 

4 

P 

S 

— 


and colostrum contracted abortion disease. 

Aug. 19, 1930..-. 

+ 

4 

4 

4 

P 

_ 

Aug. 19, 1930, milk negative for Br. abortus. 

Oct. 2, 1930 


4 

4 

4 

4 




CONTROL COW 1376 


Apr. 10, 1929..-- 

_ 

_ 

_ 




June 26, 1929, received Br. abortus, conjunctival 

May 21, 1929.-. 

— 

— 

— 


“ 

_ 

and ingestion exposure. 

June 11, 1929.... 

— 

— 

— 

_ 


__ 


June 27, 1929.— 

— 

— 

— 

_ 


— 


July 2, 1929 

— 

— 

— 

_ 

— 

_ 


July 17, 1929 

4 

4 

4 

4 

4 

— 

July 26, 1929, aborted; guinea pigs inoculated 

July 31, 1929... . 

4 

4 

4 

4 

S 

— 

with uterine material and with colostrum con- 

Aug. 27, 1929- 

4 

4 

4 

4 

4 

— 

tracted abortion disease. 

Sept. 11, 1929. -- 

4 

4 

4 

4 

+ 

4 


Sept. 24, 1929... 

4 

4 

4 

4 

4 

4 


Oct. 8, 1929 

4 

4 

4 

4 

4 

4 


Oct. 23, 1929.... 

4 

4 

4 

4 

4 

4 

Oct. 15, 1929, milk positive for Br. abortus. 

Nov. 6, 1929 

4 

4 

4 

4 

4 

4 


Nov. 19, 1929... 

4 

4 

4 

4 

4 

4 


Jan. 22, 1930 

4 

4 

4 

4 

4 

s 

Jan. 21, 1930, milk positive for Br. abortus. 

Feb. 5, 1930—. 

P 

P 

P 

P 





CONTROL HEIFER 1450 


Apr. 10, 1929-... 

_ 

_ 

_ 



_ 


May 21, 1929... 

P 

_ 

— 

— 

— 

— 


June 11, 1929.,.. 

S 

— 

— 

_ 

— 

— 


June 27, 1929.... 

_ 

— 

_ 

__ 

— 

— 

June 26, 1929, received Br. abortus, conjunctival 

July 2, 1929 

— 


_ 

_ 

, 

— 

and ingestion exposure. 

July 17, 1929... j 

4 

p 

— 

_ 

— 

— 


July 31, 1929.... 

4 

p 

~ 

— 

— 

— 


Aug. 27, 1929— 

S 


-- 

— - 

— ■ . 

— 


Sept. 11, 1929... 

— 

— j 

_ 

— 

— 

_ 


Sept. 24, 1929-- 

— 

— 

— 

— 

— 

■ — 


Oct. 8, 1929 


_ 

— 

— 

— 

— 


Oct, 23, 1929— 

s 

... 

— 

— 

j — 

_ 


Nov. 6, 1929 

_ 

— 

__ 


} _ 

— 


Nov. 19, 1929.-. 

— 

— 

— 

— 

__ 

— , 

Nov. 21, 1929, produced a vigorous calf; guinea 

Jan, 8, 1930...-. 


— 

— 

— 

— . 

■ — ■ 

pigs inoculated with uterine material and with 

Jan. 22, 1930 

_ 

— 

... 

— 

— 

— 

colostrum did not acquire abortion disease. 

Feb. 5, 1930 

s , 


_ . 


, 

— 



CONTROL HEIFER 1538 




324 


Journal of Agricultural Research 


Vol. 46, No. 4 


Table 2. — Records of individual experimental animals — Coiitiniied 
CONTROL HEIFER 1538— Continued 


Bate 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Aug. 27, 1929_... 

+• 

H 

h 

4- 

4- 

+ 

S 

Aug. 25, 1929, aborted; guinea pigs inoculated 

Sept. 11, 1929 

+ 


h 

+ 

4- 

4- 

4- 

with uterine material and colostrum con- 

Sept. 24, 1929--- 


4- 

4- 

4- 

4- 

4- 

tracted abortion disease. 

Oct. 8, 1929 

-f 

- 

- 

4- 

4- 

4- 

4- 


Oct. 23, 1929 

4- 

- 

" 

4- 

4- 

4- 


Oct. 15, 1929, milk positive for Br. abortus. 

Nov. 6, 1929 

+■ 

- 

L 

t 

4- 

4- 

— 


Nov. 19, 1929--- 

-h 

_ 

r 

4“ 

4- 

+ 

— 


Jan. 22, 1930 

■f 

- 


1 4“ 1 

4~ 

4- 

4- 

Jan. 21, 1930, milk positive for Br. abortus. 

Feb. 5, 1930 


J 

" 

LTJ 

4- 

4- 

4- 

Feb. 15, 1930, milk positive for Br. abortus. 


CONTROL HEIFER 1540 


Apr. 10, 1929.— 




1 




Alay 21, 1929-..- 

— 

— 

__ 


_ 


June 11, 1929-..- 


— 

_ 

— 

— 

— 

June 27, 1929—. 


_ 

— 

— 

_ 

_ 

July 2, 1929 

— - 

— 

— 

_ 

— 

— 

July 17, 1929—. 

4- 

4- 

+ 

4- 

— 

— 

July 31, 1929.— 

4- 

4“ 

4- 

4- 

_ 

_ 

Aug. 27, 1929..- 

-4- 

+ 

4- 

4> 

4- 

S 

Sept. 11, 1929-.. 

+ 

4- 

4- 

4- 

4- 

4- 

Sept. 24, 1929-.- 

4- 

+ 

4- 

+ 

4- 

4- 

Oct. 8, 1929 

+ 

4- 

4- 


4- 

4_ 

Oct. 23, 1929 

+ 

4- 

4- 

4- 

4- 

+ 

Nov. 6, 1929 

4- 

+ 

4- 

4- 

+ 

4- 

Nov. 19, 1929. 

1 

4- 

4- 

4- 

4- 

4- 

4- 


June 26, 1929, received Br. abortus, conjunctival 
and ingestion exposure. 


Oct. 26, 1929, aborted; Br. abortus isolated from 
uterine material and colostrum through guinea- 
pig inoculations. 


CONTROL COAV 1488 


i 

Apr. 10, 1929— 

1 

_ 

_ 



— 

_ 


June 26, 1929, received Br. abortus, conjunctiva] 

May 21, 1929. .. 

_ 

- 

- 

— 

— 

— 


and ingestion exposure. 

June 11, 1929— 

— 

- 

- ; 

— 

— 

_ 

_ 

Aug. 28, 1929, aborted; guinea pigs inoculated 

June 27, 1929 

— 

- 

- 

— - 

_ 

— 

— 

with uterine material and colostrum con- 

July 2, 1929 

— 

- 

» 

— 

— 

_ 

— 

tracted abortion disease. 

July 17, 1929--- 

+ 

H 

h 

4- 

+ 

4- 

— 


July 31, 1929-- 


H 

h 

+ ! 

+ 

4- i 

4" 


Aug. 27, 1929--. 

4“ ! 

H 

h 

4_ 

4- 

+ 

s 


Sept. 11, 1929... 
Sept. 24, 1929--. 

+ ! 

4 

h 

4- ! 

4- 

4- 1 

4- 


+ 

H 

h 

4- 1 

4- 

4_ j 

4- 


Oct. 8, 1929. — . 

4- 

- 

h 

4_ j 

4“ 

4- 1 

4" 


Oct. 23, 1929 

4- 

- 

r 


4- 

4- i 

4 - 


Nov. 6, 1929 

4- 

~ 

L 

4- i 

+ 

4- ! 

4- 


Nov. 19, 1929 

4- 

- 

r 

4- 

-f 

4" 

4- 


Jan. 22, 1930.— 

4- 

- 

r 

4- 1 

4“ 

+ 

4- 

Jan. 21, 1930, milk positive for Br. abortus. 

Feb. 5, 1930 

4- 

4 

r 

1 ^ 1 

4, 

+ i 

4- 

Feb. 15, 1930, milk positive for Br, abortus. 


CONTROL HEIFER 1531 


Apr. 10, 1929.... 



_ 


_ 


„ 

May 21, 1929--- 

— 

_ 

_ 

— 

— 

__ 

June 11, 1929 

_ 

— 

— 

— 


__ 

June 27, 1929— 

— 

_ 

_ 

— 

— 

— 

July 2, 1929 

_ 

— 

_ 



— 

July 17, 1929— 

4- 

+ 

4- 

+ 

■ -_ 

, — 

JiilySl, 1929— . 

4~ 

4- 

4- 


_ 

— 

Aug. 27, 1929— 

+ 

4- 

4- 

4> 

s 


Sept. 11, 1929--, 

4~ 

4 - : 

+ 

4- 

4- 

4- 

Sept. 24, 1929... 

4- 

4- 

+ 

+ 

4- 

4- 

Oct. 8, 1929.— - 

+ 

4- 

4- 

-h 

+ 

4- 

Oct. 23, 1929— 

+ 

4- 

4- 

4™ 

4- 

P 

Nov. 6, 1929 

4- 

4- 

' + 

4- 

P 

P 

Nov. 19, 1929... 

4 * 

+ 

4- 

P 

P 

P 


June 26, 1929, received Br. abortus, conjunctival 
and ingestion exposure. 


Sept. 17, 1929, aborted; guinea pigs inoculated 
with uterine material and colostrum contracted 
abortion disease. 

Oct. 15, 1929, milk positive for Br. abortus. 
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Table 2. — Records of individual experimental animals — -Continued 
CONTKOL HEIFER 1456 


-Date 

Agglutination results when quantity 
of blood serum (cubic centimeters) 
indicated was used 

Remarks 

0.04 

0.02 

0.01 

0.005 

0.002 

0.001 

Apr, 10, 1929. 





_ 




May 21, 1929__. 

— 

_ 


— 

~ 

— 


June 11, 1929.... 

_ 

— 

_ 

— 


— 


June 27, 1929..„ 

— 

— 

— 

— 

_ 

— 

June 26, 1929, received Hr. abortus, conjunctival 

July 2, 1929 

— 

— 

— 

— 


— 

and ingestion exposure. 

July 17, 1929.... 


4- 

4- 


4- 

— 


July 31, 1929.... 

+ 

4- 

+ 

+ 


— 


Aug. 27, 1929... 

-h 

+ 



— 

— 


Sept. 11, 1929... 



+ 

4- 

4- 

— 

Sept. 30, 1929, aborted; Br. abortus isolated from 

Sept. 24, 1929... 

1 -h 

+ 

4- 

4- 

4 - 

4- 

uterus through guinea-pig inoculations, but 

Oct, 8, 1929 

-h 

+ 

4 - 

4 - 

P 

— 

guinea pigs inoculated with colostrum failed to 

Oct. 23, 1929.... 

4- 

4- 

+ 

+ 

4 - 

4- 

acquire abortion disease. 

Nov. 6, 1929 


i 4- 

+ 

4- 

+ 

4- 

Oct. 15, 1929, milk negative for Br. abortus. 

Nov. 19, 1929... 

+■ 

4- 

4- 

+ 

+ 



Jan. 22, 1930.... 

4- 

+ 

4- 

4 - 

4- 

P 

Jan. 21, 1930, milk negative for Br. abortus. 

Feb. 5, 1930 

-1- 

+ 

-f 

+ 

P 

— 


Apr. 2, 1930 

4 - 

4- 

-f 

4- 

— 

_ 


Apr. 16, 1930.... 

4 - 

4 - 

+ 






CONTROL HEIFER 1553 


Nov. 6, 1929 


1 






Nov. 19, 1929... 

— 

— 

— 

— 

— 

— 

Nov. 18, 1929, received Br. abortus, conjunctival 

Dec. 19, 1929.... 

•f 

-f 

4- i 

4~ 

— 

— 

exposure. 

.Tan. 8, 1930 

4- 

■i" 

4- 

4- 

— 

— 


Jan. 22, 1930.... 

4- 

4- 

+ 1 

4- 

P 

— 


Feb. 5, 1930 

-4 

4- 

4- 

4- 

+ 

4- 


Feb. 19, 1930.... 

-(- 

4- 

+ 

4- 

4- 

4- 

Feb. 21, 1930, aborted; guinea pigs inoculated 

Mar. 5, 1930.... 

•f 

4- 

4“ 

4- 

4- 

4- 

with uterine material and with colostrum con- 

Mar, 19, 1930... 

+■ 

4- 

4- 

4- 

4- 

4- 

tracted abortion disease. 

Apr. 2, 1930 

4- ' 

4- 

4- 

4- 

4- 

4- 


Apr. 16, 1930— » 

4- 

4- 

4- ' 

4- 

4- 

4- 


May 7, 1930 


4* 

4- 

4- 

4- 

4- 


July 16, 1930.— 

4- 

4- 

4- 

+ 

4- 

4- 

Aug, 16, 1930, milk positive for Br. abortus. 

Aug. 19, 1930... . 

4- 

4- 

4- 1 

4- 

4- 

4- 

Oct. 21, 1930, milk positive for Br. abortus. 


CONTROL HEIFER 1554 


1 

Nov. 6, 1929...- 

_ 

1 






Nov. 18, 1929, received Br. abortus, conjunctival 

Nov. 19, 1929— 

_ 

— 



- 

— 

— 

exposure. 

Dec. 19, 1929— 

4- 

4- 

4- 


— 

— 

Jan. 5, 1930, produced a weak calf which died; 

Jan. 8, 1930 

+ 

4- 

4- 

4- 

— 

— 

guinea pigs inoculated both with uterine mate- 

Jan. 22, 1930 

4- 

4” 

4- 

- 

h 

4“ 

4- 1 

rial and with colostrum acquired abortion dis- 

Feb. 5, 1930 

4- 

4" 

4- 

j 

h 

•4" 

■ 4- 1 

ease. 

Feb. 19, 1930—. 

4- 

4- 

4- 

j 

h 

4- 

4- 


Mar. 5, 1930 

4" 

4- 

4- 

4 

h 

4- 

+ 


Mar. 19, 1930-.. 

4- 

i .p 

+ 

j 

h 

4- 

4- 


Apr. 2, 1930 

4- 

: 4- 

4- 

4 


4- 

-4- 


Apr. 16, 1930—. 

4- 

"i" 

4- 

■4 

- 

4- 

+ 


May 7, 1930 

4- 

4- 

4- 

"1 

- 

4- 



.Tuly 16, 1930.... 

4- 

1 ■4- ' 

4- 

J 


4- 

4- 


Aug. 19, 1930—. 

4- 

4- 

4- 


- 

4- 

4- 



DISCUSSION OF RESULTS 

The experiment indicates that the use of vaccine prepared from an 
avirulent Brucella aftorte strain (No. 801), administered during 
pregnancy, could not be depended upon to confer a pronounced degree 
of immunity against abortion disease. On the other hand, the 
vaccine may be considered as having exerted some beneficial effects, 
for whereas 40 per cent of the principals withstood the degree of Br. 
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abortus exposure to wliicli they were subjected, only 11 J3er cent of 
the control animals resisted it; and whereas 89 per cent of the control 
animals aborted or produced weak calves, only 60 per cent of the 
vaccinated animals had similar histories.^ 

The Brucella abortus exposure given in the experiment was suffi« 
ciently severe to cause all but one of the nine control animals to 
develop marked reactions to the abortion agglutination test and either 
to abort or to produce weak calves which did not survive. Agglutina- 
tion tests ^vere not made with sufficient frequency to determine the 
exact length of time that elapsed between Br. abortus exposure and 
the appearance of agglutinins in the blood. The tests made, how- 
ever, showed that six of the nine control animals acquired agglutina- 
tion titers of from 1 to 100 to 1 to 1,000 in 21 days. Two controls 
acquired 1 to 200 titers in 31 days. The control that calved normally 
failed to develop a titer of more than 1 to 50 after exposure to Br. 
abortus. This was the only animal of the 19 used in the experiment 
which, previous to being subjected to artificial Br. abo7ius exposure, 
had had a titer of 1 to 25. It is possible that some earlier natural 
exposure to the disease might have been responsible for the immunity 
which she manifested in the experiment. 

Failure of the vaccinated cattle to resist more generally the exposure 
to which they were subjected may have been due in part to the fact 
that a comparatively brief interval, from one to two months, elapsed 
between the vaccination dates and the dates of exposure to Brucella 
abortus. ^ In view of the nature of the earlier results obtained with 
this avirulent strain, it seems possible that a considerable period 
must elapse after vaccination before a serviceable degree of immunity 
can reasonably be expected. Whether vaccination in abortion 
disease is followed by a negative phase of resistance and, if so, how 
long this phase continues, are matters on which few data have been 
accumulated. 

SUMMARY 

To determine the efficacy of an avirulent strain of Brucella abortus 
for vaccinating pregnant cattle against abortion disease, vaccines 
were prepared and administered subcutaneously to three pregnant 
cows and seven pregnant heifers. 

; The strain of Brucella abortus used for the vaccines was isolated 
in 1915 from the milk of an infected cow and had imdergone from 
182 to 193 transfers on artificial culture media when the vaccines 
were prepared. 

Inoculation tests showed the strain, designated as No. 801, to 
be nonpathogenic for cattle and guinea pigs. The agglutinating 
value of the strain, however, was not impaired. 

From one to two months after vaccination 10 experiment animals 
were exposed to virulent strains of Brucella abortus j 9 other animals 
were used as controls. 

Thn vaccines gave evidence of conferring iinmiinitv against abor- 
tion disease to 40 per cent of the vaccinated animals; only 11 per 
cent of the control animals resisted the disease. 

No evidence was obtained to indicate that the strain becomes 
localized in the udders of vaccinated animals. 



BIOLOGY OF THE FLOUR 
FUSUM DUV. AND T. 


BEETLES, TRIBOLIUM CON- 
FERRUGINEUM FAB.‘ 


By Newell E. Good 


Assistant Entomologist, Division of Stored Product Insects, Bureau of Entomology 
United States Department of Agriculture 

INTRODUCTION 

The flour beetles have long been known to be among the more 
serious pests of flour, meal, and other cereal products. Numerous 
references in the literature give ample evidence of their importance as 
destroyers of these foodstuffs. However, owing probably to the 
rather long adult life of these insects and the difficulties in observing 
the immature stages, no thorough work has been done on their life 
history. Several suppositions of early authors regarding the life cycle 
have been copied and recopied until now these statements, often 
erroneous, are accepted as facts. The following preliminary account 
is a summary of rather extensive experiments on these two species 
commenced by the writer in the latter part of 1929. 


DIFFERENTIATING CHARACTERS OF ADULTS 

The twm species Triboliuin confusum Duv. and T.fernigineum Fab. 
are so similar in size, color, shape of body, and habits that they are 
continually confused, even by experienced entomologists. The dis- 
tinguishing characters are so constant, however, that once these are 
learned there can never be any doubt as to their identity. The char- 
acter found most useful by the writer for distinguishing the two species 
is the size of the eyes on the ventral surface of the head. In T. 
jerrugmeum the width of each eye is approximately equal to the 
distance separating them on the underside of the head. In T. con- 
fusum the eyes, viewed from below, appear small, the width of each 
eye being approximately only one-third that of the distance separating 
them. This character can be used for the identification of living 
specimens, whereas the character usually given— i. e., the sudden 
enlargement of the last three joints of the antennae in T. ferrugineum 
and the gradual enlargement in T. confusum — is almost useless for 
identifying living specimens because the antennae are usually in 
motion. Another differentiating trait, useful for field identification 
but rather unreliable, is that when placed on a flat surface under a 
strong light T. ferrugineum often attempts to fly, and sometimes 
makes short flights of a few feet, while T, confusum never makes any 
attempt at flight. 

Careful measurements of 50 adults show them to be somewhat 
smaller than the measurements usually given. Tribolium confusum 
is found to average 3.47 mm in length and 1.07 mm in width through 
the pro thorax. These measurements are almost identical with those 
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given by Brindley^ ^ but are considerably smaller than those ol Chap- 
man ^ and other authors. T.ferrugineurn averages 3.32 nun in length 
and 1.03 mm in width through the pro thorax. 

ORIGIN, HABITAT, AND DISTRIBUTION 

The origin of insects infesting stored products is difficult to deter- 
mine because they are widely distributed by comnierc.e and most ol 
them have long been cosmopolitan pests. In the case of TrM/kmi 
hrrugvneurn a hint as to its probable origin is given by Blair;^ wlio 
refers to it under the name T. castaneufn Hbst. He sliows that in 
India this species is commonly found in the wild state under biU'k and 
in wood. It is also found in such situations in North America and 
elsewhere, but not at all frequently. It is an insect of subtropical 
climati^s, and very likely India is its original home. This view is 
strengthened by the fact that, in the same article, Blair has described 
a very closely related species, T. indicum, frorn the same country and 
mth the same habitat, which does not occur in stored products. 

As to the original habitat of the genus, there can be no reasonable 
doubt that before the advent of civilized man it lived under bark and 
in old logs. Here it was probably a scavenger, but this can not be 
definitely proved. Almost without exception, the beetles of the sub- 
famil}^ Uloniinae, of which Tribolium is a member, occur either as 
pests of stored products or else under the bark of trees and in rotting 
logs. It seems evident that all the members of this group originally 
lived in the latter habitat and have recently adopted the flour-feeding 
habit. Two species of Tribolium, T. madens Charp. and T. mdicim 
Blair, are found almost exclusively in such situations, and the two 
flour pests T. confusum and T.ferrugineum are themselves occasionally 
found there. 

These two species are knowm to be cosmopolitan, occurring through- 
out the world in stored cereal products. Temperature seems to 
influence their distribution somewhat. Triholium ferruginewn is 
essentially an insect of warm climates, being seldom taken north of 
the fortieth parallel. T. confusum, on the other hand, seems to prefer 
cooler climates and is most abundant in the northern part of the 
United States. 

FOOD 


A wide variety of foodstufts are attacked by Triboliiiin, a list of 
which is given by Chittenden.® Practically any kind of flour, meal, 
breakfast food, and cracked grain is attacked, \md much damage is 
done to dried insect specimens in collections. The writer has found 
these pests as much to be feared in insect collections as the dermestids. 
They are also known to breed in certain spices. Three other pre- 
ferred foods which seem to have received little or no mention are 
chocolate, raisins, and various nuts, especially Persian (English) wal- 
nuts, on wUich the larvae develop very rapidly. 


f BEINDLEY, T. a. the GKOAVTH and development of EPHESTIA KUEHNIELLA ZELLER (LEPIDOFTBEA) 
AND TRIBOLIUM CONFUSUM DUVAL (COLEOPTERA) UNDER CONTROLLED CONDITIONS OF TEMPERATURE AND 

relative humidity. Ann. Ent. Soc. Amer. 23: 741-757, illus. 1930. 

the CONFUSED FLOUR BEETLE (TRIBOLIUM CONFUSUM DUVAL). Miun. State Ent. 
xCpt. 17: ^3-94, ilius. 1918. 

* Blair, K. G. the Indian species of paloeus, muls. (coleoptera; tenebrionidae) and some 
associated beetles, Indian Forest Rec, 14 (5): 1-20 (133-152), illus. 1930. 

• insects affecting cereals and other dry vegetable foods. Chapter 8. 

^^sects of the United States. U. S. Dept. Agr., Div. Ent. Bui. (n. s.) 4: 112- 

131, lilUS- 1896. 
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OVERWINTERING 

In heated flour mills, warehouses, etc., Tribolium breed the year 
around and all stages can be found at any time during the year. In 
unheated flour mills this is not the case. Some authors have stated 
that these beetles do not live over winter in unheated mills but that 
these mills are reinfested in the spring from neighboring heated mills. 
An inspection of several unheated flour mills in Maryland and 
northern Virginia during February, 1931, revealed many adults of 
T. confusum in a semidormant condition, but no living larvae or 
pupae. As the adults usually live a year, or over, it is evident that 
in unheated flour mills in this territory the winter is passed in the 
adult stage and breeding begins with the approach of spring. In the 
Gulf States breeding probably continues the year around, while in the 
extreme Northern States and Canada the species may not be able to 
survive the winter except in heated buildings. T. ferrugineum seems 
to be less resistant to cold than T. confusum, 

LONGEVITY 

It has been known that Tribohum adults are long-lived, but no 
actual tests have previously been made to determine the maximum 
length of life. Estimates have ranged from three months to a year 
or more. As many of the adults under observation by the writer are 
still alive, no definite statement can yet be made as to the maximum 
length of life except that it is considerably longer than is generally 
supposed. Of 50 individuals of T. confusum emerging nearly 24 
months previous to this writing (January, 1932), 13 are still alive and 
active. T. ferrugineum appears to be somewhat shorter lived than 
T, confusum^ but 5 individuals out of an original 60 are still alive after 
23 months. 

OVIPOSITION 

Of all phases of the life liistory of Tribolium, oviposition seems to 
have received the least attention. Only two investigators, Chapman 
and Brindley, appear to have done any work on the oviposition of 
these insects, and they have been concerned only with the number of 
eggs laid per day by young females and have made no attempt to 
determine the total number of eggs laid or the length of the oviposi- 
tion period. Inasmuch as the oviposition period may last for more 
than a year and it is almost impossible to locate the eggs in the flour, 
it is not surprising that more work has not been done along this line. 

In the experiments made by the writer 25 pairs of each species were 
segregated on emergence and placed in different foods under different 
conditions of temperature and humidity. Small vials, lightly 
stoppered with cotton, were used as containers. A single pair of 
adults was placed in each vial and moved to another vial every day. 
Various methods of locating the eggs were tried, but it was found that 
the method, first advocated by Chapman, of counting the larvae 
rather than the eggs was more accurate. As approximately 90 per 
cent of the eggs hatched, the actual number of eggs laid is about 
one-ninth greater than the figures given, which concern viable eggs 
'only., ■I'':',' , ^ ^ 

Table 1 gives the average duration of the egg-laying period and the 
average number of eggs laid for each group of females used in the 
experiments. ^ 
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Table 1. — Summary of data concerning oviposition of Triholiuni confiisum and 

T. ferrugineum 

T. CONFUSXTM 


Temperature 

Food 

Females 

Average 
oviposi- 
tion pe- 
riod 

Average 
eggs laid 

Average 
eggs laid 
fier day 


[Whole-wheat flour 

jBran. 

N'nmber 

6 

6 

2 

3 

7 : 

214 

263 

136 

325 

280 

N'umlwr 

521 

333 

141 

187 

744 

j\u.mfM'r 

2. 43 
1.26 
1.04 
.58 
2. 66 

27° C 

Room 

] Oatmeal 

[White flour 

Whole-wheat flour - 




T. FERRUGINEUM 



t Whole-wheat flour 

6 

171 

438 

2. 56 

27° C . 

Middlings 

3 

102 

246 

2. 41 


(Bran.---1 • — 

3 

147 

235 

1.60 


W hole-wheat flour - 

3 

160 

518 

3.24 


Corn meal 

3 

228 

500 

2. 19 

Hoorn 

'{Middlings - 

2 

143 

302 

2. 1 1 


Oatmeal 

3 

245 

123 

.50 


[White flour 

2 

73 

19 

. 26 


The longest oviposition period observed was that of a female of 
Tribolium confusum in whole-wheat flour at room temperature. This 
female laid viable eggs for 432 days. The longest period for I\ 
ferrugineum was 308 days, for a female that was kept in oatmeal at 
room temperature. The greatest number of viable eggs laid was 
976, by a female of T. confusum also kept in whole-wheat flour at 
room temperature. The greatest number of viable eggs laid by T, 
ferrugineum was 956; this individual was kept in corn meal at room 
temperature. The number of eggs laid per day is not large. In no 
case were more than 13 viable eggs laid in one day by a single female, 
and the average was only 2 or 3 per day. Under optimum conditions 
Brindley ® records 18 eggs in one day and a much higher daily average 
than is indicated here. 

Mating was observed rather frequently among the pairs of adults 
in the experiment. ^ The writer's records show that the female may 
continue to lay viable eggs for as long as five months after being 
separated from the male. 

THE EGG STAGE 

The eggs are usually laid singly, directly in the flour, but occa- 
sionally they are found attached to the sides of the container. They 
are coated with a sticky substance which causes the flour to adhere to 
them. The length of the incubation period varies considerably with, 
the external conditions. Fifty eggs of Tribolium ferrugineum kept 
in an incubator at 27° C. hatched in an average period of 5.5 days. 
Forty eggs kept at room temperature averaged 8.6 days. Here the 
temperature ranged from 18.5° to 28.5° and averaged 22°, while the 
liumidity ranged from 22 to 43 per cent and averaged 32 per cent. 

The incubation period iox Tribolium confusum is, slightly longer. 
Forty eggs kept in an incubator at 27° C. hatched in an average period 
of 6.8 days. 01 these, 17 kept in continuous light averaged 6.5 days, 


«BrindIey, T, A. Op. cit. 
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and 23 kept in continuous darkness averaged 7 days. Forty eggs 
kept at room temperature required on an average 12.8 days to hatch. 
In this case the temperature ranged from 14.5° to 26° and averaged 
21°, while the relative humidity ranged from 24 to 51 per cent and 
averaged 34 per cent. 


THE LARVAL PERIOD 

Chapman^ and Brindley^ found six larval instars in Tribolmm con- 
fusum. Through continued observation the writer has determined 
that there is no fixed number of larval molts, but that the number 
ranges from 6 to 11 or more and is normally 7 or 8 instead of 6. This 
variation is due both to external conditions, such as food, temperature, 
and humidity, and to individual characteristics entirely apart from 
external influences. 

The number of larval instars was determined by actual count of 
the number of times individual larvae molted before pupation. Over 
100 eggs of both species of Tribolium were placed in individual con- 
tainers and observed each day until the individuals emerged as adults. 
Varying conditions of food, temperature, and humidity were used. 
x4.fter each molt the exuviae could be seen in the small vial used as a 
container and were immediately removed and recorded. 

Table 2 gives a summary of experiments to determine the number 
and duration of the larval instars under various conditions. 


' Chapman, R. N. Op. cit. 


s Brindley, T. A. Op. cit. 
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There is considerable variation in the length of the larval period 
due both to the land of food and to the temperature. 'Whole wheat 
flour, middlings, bran, and corn meal are all acceptable foods. Growth 
is very slow in white flour and many of the larvae die before reaching 
the adult stage. Under certain conditions Persian walnuts have 
been found to be very favorable for larval development, some of 
the shortest life cycles being recorded with this food. A constant 
temperature of 27° C. pi’ovecl to be much more suitable for develop- 
ment than ordinary room temperatures. In Table 2 the room tem- 
peratures were those found in the laboratory at Washington, D. C., 
during April and May. 

There is considerable individual variation but practically no over- 
lapping of the measurements of an individual of one instar with those 
of the next. The following tabulation shows the average widths of 
the head capsules of 40 larvae of Triholium conjusum of the different 
instars : 


Instar Width (rnm) of head capsule 

First 0. 175 

Second, . 197 

Third .249 

Fourth . 311 

Fifth .387 


Instar Width (mm) of head capsule 

Sixth 0. 459 

Seventh 585 

Eighth . 619 

Ninth . 655 


THE PUPAL PERIOD 

When ready to pupate, the mature larva comes to the surface of 
the food in which it has been working and, after a short prepupal 
period, transforms to the naked pupa, lying in or on the surface of 
the food without protection of any kind. The vacated pupal cells of 
the Mediterranean flour moth are often found to contain several 
Tribolium pupae. 

The average duration of the pupal period was found to be as follows: 

Thirty-one T. confusum pupae kept at 27° C. in continuous darkness emerged 
as adults in from 7 to 12 days, with an average of 8.74 days. 

Forty-three T. confusum p\.ipae kept at 27° C. in continuous light emerged as 
adults in from 6 to 9 days, with an average of 7.86 days. 

One hundred and twelve T. femigineum pupae kept at 27° C., for the most part 
in continuous darkness, had a pupal period of from 6 to 9 days, with an average 
of 7.14 days. 

Thirty-two T. ferrugineum pupae kei^t at room temperature during the early 
summer had a pupal period of from 5 to 14 days, with an average of 8.5 days. 

It is during the pupal period only that the sexes can be distinguished. 
Chapman ® gives a good illustration of the differences in the terminal 
segment of the abdomen. On the female there is a pair of appendages 
in addition to the regular terminal cerci, while the terminal segment 
of the male appears to have only a disldike depression on this segment. 

PARASITES 

The flour beetles seem to be comparatively free from parasitic 
enemies. Two mites, Acarophenax tribolii Newstead and Duval and 

Newport, and a bethylid, Rhahdepyris Mae 
Waterston, have been recorded as attacking Tribolium, but none 
seem to be very effective in controlling these pests. 


9 Chapman, R, N. Op. cit. 
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SUMMARY 

Tlie flour beetles Triholium. confusum Duv. and T. ferrugineuni 
Fab. are among the more serious pests of flour and other cereal 
products. They attack practically any kind of flour^ meal^^ breakfast 
food, or cracked grain, many kinds of spices, and various nuts, 
chocolate, and raisins. They are also serious pests in insect collections. 

The size of the eyes on the ventral surface of the head is the best 
character for distinguishing the two species. 

The winter is passed in the adult state in the central and northern 
parts of the United States. Adults of both species may live two 
years or even longer. 

The oviposition period of T. confusum may last as long as 14 months, 
the average being about 9 months. That of T. jerrugineum is slightly 
less. A female of either species usually lays 400 to 500 eggs during 
this time; in some cases nearly 1,000 eggs have been laid by a single 
female. 

The average incubation period at 27^ C. is 6.8 days for .T. corifusuni 
and 5.5 days for T. jerrugineum. 

The number of larval instars ranges from 6 to 11, with an average 
of 7 or 8. The larval period at 27° C. ranges from 27 to 90 days ac- 
cording to the food. It is slightly longer for T. conjusum than for T. 
jerrugineum. Whole-wheat lour, middlings, bran, corn meal, oat- 
meal, and white flour, arranged in the order of their acceptability, 
are the foods used in the experiments. Measurements of the head 
capsule in larvae of T. conjusum are given. 

The pupal period at 27° C. averages 8.2 days for T. conjusum and 
7.1 days for T. jerrugineum. Lower temperatures lengthened all 
stages considerably. 

Enemies of the flour beetles include two mites and a bethylid. 



HYPOSOTER DISPARIS VIERECK, AN INTRODUCED 
ICHNEUMONID PARASITE OF THE GIPSY MOTH ' 

By C. F. W. Muesebegk, Senior Entomologist, and D. L, Parker^ Junior 
^Entomologist, Division of Forest Insects, Bureau of Entomology, United States 
Department of Agricidlure ^ 


INTRODUCTION 

Hyposoter disparis Viereck, a parasite of the larva of the gips}^ moth 
(Porihetria dispar L.) in Europe, was introduced into the United 
States by the Bureau of Entomology in the course of the early im- 
portations of various parasites of that pest made more than 20 years 
ago. It has become definitely established in part of the area in the 
New England States which is infested with P. dispar, but has re- 
mained of little value as a control factor. However, it seems ad- 
visable to define as clearly as possible the apparent status of H. disparis 
as a parasite of the gipsy moth, and to present the information con- 
cerning its biology and behavior that has been accumulated at the 
gipsy moth laboratory at Melrose Highlands, Mass. 


SYSTEMATIC POSITION AND REVIEW OF LITERATURE 


Hyposoter disparis was first described by Viereck in 1911 (9)® 
following its introduction into Massachusetts and after attempts to 
identify it as a previously described European species had proved 
unsuccessful. It belongs in the tribe Campoplegini, subfamily 
Ophioninae, family Ichneumonidae, and order Hymenoptera. 

In 1912 Howard and Fiske (S, p, 191) published a few notes on the 
life cycle of this parasite under the name Limnerium disparis; and in 
1929 Burgess and Crossman {l,p. 49-52) summarized very briefly the 
data available at that time on distribution, life history, and introduc- 
tion into the United States. Otherwise the species has received only 
incidental mention as a parasite of the gipsy moth. 


DISTRIBUTION IN EUROPE 


The original description of Hyposoter disparis did not record the 
type locality more definitely than to indicate that it was European. 
According to notes at the gipsy moth laboratory, the type specimens 
appear to have come from Kiev, Russia. In addition, the species 
has been received from various localities in Austria, Czechoslovakia, 
Poland, Hungary, Yugoslavia, Bulgaria, and Italy. It appears to be 
most abundant in south-central Europe. 


1 Received for publication June 18, 1932; issued March, 1933. 

2 The writers are indebted to C. W. Collins, in charge of the gipsy-moth and brown-tail moth investiga- 
tions of the Division of Forest Insects, Bureau of Entomology, for advice and criticism in the course of this 
study ; to various members of the staff of the gipsy moth laboratory for the accumulation of data concerning 
the field collections; and particularly to R. Wooldridge, also of the gipsy moth laboratory, for considerable 
information regarding the habits of the parasite. They are further indebted to R. A. Cushman, of the 
taxonomic unit of the Bureau of Entomology, for the identification of some of the hyper parasites recorded 
horn Hyposoter disparis, 

3 Reference is made by number (italic) to Literature Cited, p. 346. 


Journal of Agricultural Research, 

Washington, D. C, 

(335) 


Vol. 46, Kb. 4 
Feb. 15, 1933 
Key No. K:-235 



336 


Journal of Agricultural Research 


Vol. 46, No. 4 


IMPORTATION AND COLONIZATION IN THE UNITED STATES 

The first cocoons of Hyposoter dispaHs, 20 in luiiiiber, were re- 
ceived from Russia and Austria in ^1907. In succeeding years at- 
tempts were made to obtain the species in larger niinibers, but it was 
not until 1911 that cocoons were received in siiflicient abiindance to 
provide material for colonization. In that year about 125,000 co- 
coons of the parasite were collected by agents of the Bureau of Ento- 
iiiolog}^ in a gipsy-moth infestation at Gioja Tauro, Italy, and sent to 
the Melrose Higdilands (Mass.) laboratory. ^ Owing to severe hyper- 
parasitism and to considerable mortality during the period of hiberna- 
tion, from this enormous number of cocoons only about 12,500 adults 
of H. disparis were obtained for colonization the following spring. 
These adults were liberated in four localities in eastern Massachusetts 
and at one point in southeastern New Hampshire. Approximately 
4,700 were released in North Saugus, Mass. ; 3,500 in Andover, Mass. ; 
2,300 in Boxford, Mass.; and 1,000 each in Wellesley, Mass., and 
Pelham, N. H. 

In 1912 another large shipment, consisting of 171,000 cocoons, was 
received from Gioja Tauro; but extremely heavy hyper parasitism 
combined with severe mortality due to the drying out of the cocoons 
during the winter resulted in an almost total loss of this material, and 
no liberations could be made in 1913. 

Importations of parasites of the gipsy moth ceased with the season 
of 1912 and were not resumed until 1921. Beginning with 1924 and 
including 1931, small numbers of Hyposoter disparis were received 
each year incidentally with shipments of other parasites of the gipsy 
moth from central Europe; but the total for this period was only 
approximately 5,000 cocoons, of which 3,000 were obtained in 1928 
and 1,100 in 1929. Nearly all were from Hungary and Yugoslavia. 
Since 1912 it has been possible to liberate only three small colonies: 
One, consisting of 500 adults, in Barnstable, Mass., on Cape Cod, in 
1929; another, of 1,862 adults, at Attleboro, in southeastern Massachu- 
setts, in 1930; and a third, of only about 200 adults, in Dighton, 
Mass., in 1931. The second colony consisted in part of material ob- 
tained in reproduction experiments at the Melrose Highlands laboratory 

RECOVERIES FROM FIELD COLONIES AND DISTRIBUTION IN 

NEW ENGLAND 

Collections of gipsy-moth larvae were made at all five of the 1912 
colony sites during the same season in which the liberations were 
made and Hyposoter disparis was recovered from each point. vSince 
1912 the intensity of the gipsy-moth infestation at these five localities 
has fluctuated greatly, and in some years collections for the recovery of 
Hyposoter could not be made at all of them. However, the collections 
that have been obtained have shown that the parasite has persisted 
at three of the colony sites— namely, Andover, Saugus, and Boxford, 
Mass.— and possibly at a fourth, Pelham, N. H., and that it has 
dispersed to some extent, although it has at no time been a parasite 
of much importance at any of the localities from which collections 
were secured. It has not been recovered at any of the points at 
which It was released in 1929, 1930, and 1931. 

_ The present known distribution of in New Eng- 

land, as indicated by the recovery records at the gipsy moth laboratory, 
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appears to be confined to a small area in northeastern Massachnsetts 
and southeastern New Hampshire. (Fig. 1.) The towns in this 
area from which Hyposoter has been recovered are Andover, Boxford, 
Saugus, Beverly, and Ipswich, Mass.: and Pelham, Derry, Exeter, 
and^Newton, N. H. 

DESCRIPTION OF THE ADULT 


The female of Hyposoter disparis (fig. 2) may be described as follows: 

Average length 6 mm. Head strongly transverse; face granularly punctate, 
coarsely so medially; clypeus delicately granular; antennae much shorter than 



the body, 32 to 34 segmented; ocell-ocular line longer than diameter of an ocellus. 
Thorax short and stout, mostly closely granular, the scutelium more weakly 
so than the mesoscutum; propodeum not extending beyond base of hind coxae, 
incompletely areolated, areola and petiolar area confluent, the latter a little 
broadly impressed down the middle and more or less transversely rugulose; 
anterior wing with a small petiolate areolet. Abdomen somewhat thickened 
and a little compressed posteriorly, mostly delicately alutaceous; petiole smooth 
at base; second tergite broadening strongly behind, with the spiracles at about the 
middle; ovipositor sheaths short, scarcely as long as apical triincature of abdomen. 
Black; mandibles, except at tips, and the palpi, pale yellow; scape and pedicel of 
antennae yellowish brown; wings hyaline; legs, including all coxae, testaceous; 
posterior tibiae slightly dusky at base and broadly black at apex; second abdominal 
tergite broadly reddish testaceous posteriorly. 
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In essential characters the male is similar to the female. ^ 

H:yx)osoter disparis is easily confused with an unidentified species 
of the same genus which is occasionally reared as a parasite ol gipsy- 
moth larvae in Europe. The latter differs, however, in having* the 
antennae 28 to 30 segmented; in the ocell-ocular line being slightly 
shorter than the diameter of an ocellus; in the less erect areolet ol 
the anterior wing, with the second recurrent joining the cubitus very 



Figure 2.-~Hyposot€r disparis, female. X 12 


near the second intercubitiis; and in having the petiolar area wider 
and uniformly closely granular and opaque. 

LIFE HISTORY AND HABITS 

HIBERNATION 

Hyposoter disparis hibernates as an adult within its cocoon, the 
posterior end of the body remaining immersed in the moist meconial 
discharge. If the meconium dries the parasite dies in the cocoon* 
Consequently it is important that the cocoons be held suffieiently 
moist to maintain the semiliquid condition of the meconial discharge. 
In the field they remain on the surface of the ground throughout 
the winter, although usually covered to some extent by fallen leaves. 
At the laboratory, hibernation oi Ji. disparis has not been very success- 
ful until recently, apparently because the proper moisture conditions 
have not been supplied. Attempts to simulate field conditions by 
placing the cocoons on sod or soil and covering them with dried 
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leaves failed, for the eniergence of adults from lots of cocoons held 
in this manner has been very poor. 

In some of the more recent attempts to carry the parasite through 
the hibernation period, glass cylinders with bottoms of plaster of 
Paris have been employed. These cylinders are about 3 inches in 
diameter and range from 3 to 5 inches in height, while the plaster 
of Paris floors are about half an inch thick. lEmergence exceeding 
50 per cent was sometimes secured by spreading the cocoons in a thin 
la^^er on the floor of such a container and placing the container in a 
pit partly filled with soil, the cylinder itself being set down about an 
inch into the soil. The top of each cylinder was covered with cheese- 
cloth and the entire pit sheltered from the rain. However, more or 
less loss resulted from the molding of the cocoons, and in some cases 
the mortality was high. Apparently this was due to an excessive 
amount of moisture drawn up through the plaster of Paris. To 
obviate this the plaster of Paris was covered with half an inch of 
sawdust before the cocoons were placed in the container. The 
results have been highly satisfactory. This method was employed 
in the hibernation of 2,471 cocoons in 1929, and of these 2,023, or 
about 82 per cent, produced adults the following spring, wPich was 
much the best eniergence that had been obtained. Neither the glass 
cylinder nor the plaster of Paris is essential, for equally good emergence 
was secured by substituting galvanized-metal cylinders having bottoms 
of fine wire screening upon which an inch of saw^dust had been placed. 

EMERGENCE AND MATING 

Adults of Hyposoter disparis appear to emerge at about the time the 
eggs of the gipsy moth begin to hatch. In the case of the material 
hibernated in outdoor cages at the Melrose Highlands laboratory, 
emergence has usually extended from about April 25 to May 10. 

It has been found rather difficult to obtain satisfactory mating in 
confinement. Most of the earlier attempts were altogether unsuc- 
cessful. More recently, however, some degree of success has been 
attained by employing a cloth -covered cage aboat 13 inches long, 
9 inches wide, and 9 inches high provided wdth a sliding glass front 
through which the parasite could be observed and which permitted 
the easy removal of mating pairs. Best results were secured when not 
more than 20 to 25 males and 8 to 10 females were used at one time in 
a cage of this type. Furthermore, it was found that tem|3eratures of 
F. or higher were required to stimulate the parasites to the 
necessary activity, and that sunlight was essential. Occasionally 
females a week old mated in such cages, but the most satisfactory 
mating was obtained when freshly-emerged females w^ere used wuth 
males that were about 3 or 4 days old. 

OVIPOSITIGN 

Females of Hyposoter disparis oviposit most readily in first and 
second instar larvae of the gipsy moth. Apparently larvae of the 
first instar are preferred, although in reproduction experiments at the 
gipsy moth laboratory larvae of the second instar have usually been 
emplo3md owing to the greater ease of handling and the somewhat 
lower mortality in the rearing trays. 

' 166008™-33 -4. ' 
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The ovipositing* parasites prefer to attack moving caterpillars. 
Usually^ if a female comes upon a larva that is not moving, she slowly 
encircles it, vibrating her vdngs and antennae rapidly and occasionally 
prodding the caterpillar with her ovipositor. ^ Generally the ],arya 
soon begins to crawl away, sometimes very rapidly, with the parasite 
in pursuit. After several additional quick thrusts she finally inserts 
her ovipositor and deposits an egg,^ this act reqiiiiing about a second. 
Owing to the habit of the parasites of attacking the host larva in 
tliis nianner, the eggs are usually deposited in the posterior ppt of 
the body. On dissection eggs have frequently been found even in the 
rectum of the caterpillar, although normally they are placed in the body 
cavity. Several eggs may be deposited in one host, even in the field, 
but only one parasite can mature. 

POTENTIAL REPRODUCTIVE CAPACITY 

An attempt was made to secure some information concerning the 
number of eggs that may be deposited by a single female of Hyposoter 
disparis. Ten unmated females that had had no opportunity to 
oviposit were isolated each in a glass vial 8 inches long and 2 inches 
in diameter, and eai'ly each day six first-instar larvae of the gipsy 
moth were introduced into each vial. Ijate in the afternoon these 

larvae were removed and dissected and the 
eggs deposited by each parasite counted. 
The total number of eggs deposited by the 
individual females ranged from 182 to 1,228, 
^ ^ with an average of 561 for the 10 parasites. 

iGURE oi^Hypomter death occurred after 12 days and 

the last after 54 days. In most cases the 
female continued to oviposit until the day of her death, but the 
specimen that lived 54 days deposited no eggs after the 34th day, 
although repeatedly observed to insert the ovipositor in larvae oftered 
after that time. In many cases 50 or more eggs were deposited by a 
single female on one day, and in one instance as many as 84 were 
deposited, 

EGG 

The egg of Hyposoier disparis (fig. 3) at the time of deposition 
measures 0.40 to 6.45 mm in length and 0.11 to 0.14 mni in extreme 
width. It is slightly kidney shaped, smooth, and pearly white. 
After deposition in the host, the egg gradually increases in' size and 
before hatching attains a length of 0.7 to 0.8 mm and a width of 0.25 
to 0.28 mm. Normally the egg stage covers a period of about 7 days, 
although under unusually low spring temperature this may be 
extended to 10 days. 

LARVA 

Only three larval instars seem to have been observed in the case of 
related Gampoplegini that have been studied in some detail. Tim- 
berlake (7) found only three in Eulimnerium validum (Cresson); 
likewise To thill {8) in his study of (Provancher) 

and Thompson and Parker (ff) in their work on Eulimnerium crassife- 
mur (Thomson) mention but three instars. In the course of the 
present study hundreds of dissections have been made of gipsy-moth 
larvae winch were parasitized hj Hyposoter disparis at the laboratory, 
and detailed examinations of the numerous series of Hyposoter larvae 
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obtained in this way have enabled the writers to distinguish clearly 
five larval instars in this species. 

The first-instar larva is elongate, more or less cylindrical, and 
smooth, with a strongly sclerotized brown head, and a long caudal 
appendage, which is^ a prolongation of the last, or thirteenth, body 
segment. On hatching, the larva measures about 1.2 min in length, 
including the anal appendage, which itself is 0.30 to 0.35 mm long. 
The mandibles (fig. 4, A) are small, but heavily sclerotized and 
strongly hooked. Apart from its larger size, the larva of the second 
instar differs from that of the first principally in its less sharply de- 
fined head, diflterently shaped and less sclerotized mandibles, and the 
somewhat shorter caudal appendage. The larvae of the third and 
fourth instars are similar to the 
second-instar larva, except for the 
increase in size, and can be distin- 
guished with certainty only by the 
mandibular differences. In the 
large quantity of material examined 
the mandibles in each instar are 
shown to be remarkably constant 
in size and form. Identification of 
the instars was greatly facilitated 
by the fact that certain larvae, ob- 
tained in the course of the numerous 
dissections, were in the act of molt- 
ing and accordingly supplied the 
mandibles of two successive instars. 

In the mature larva the man- 
dibles are more heavily sclerotized 
than in the second, third, or fourth 
instar; the labial ring and the scle- 
rotic framework in the mouth re- 
gion are brown in color and con- 
spicuous; the body integument is 
covered with minute tubercles; the 
antennal, leg, and wing pads can be 
distinguished; and there are nine 
pairs of open spiracles, one pair near 
the posterior margin of the first 
thoracic segment and a pair on each of the first eight abdominal seg- 
ments. The caudal appendage is greatly reduced and resembles a 
short, thick, evenly tapering spine. In length the mature larva 
measui'es 8 to 10 mm. 

The time spent in each uistar varies considerably, being dependent 
chiefly on the temperature. From the large number of dissections it 
was determined that 5 to 10 days are spent in the first instar, 2 to 5 
days in the second, 2 to 4 days each in the third and fourth instars, 
and 1 to 2 days in the fifth, while the parasite is still within the host. 

The host is killed several hours before the mature parasitic larva 
emerges and upon the issuance of the latter is left as a flaccid empty 
skin, practically the entire contents having been consumed. Almost 
invariably the gipsy-moth larva is in the fourth instar when it is 
killed by the parasite. 


<s-^> 



Figxire 4.— Mandibles of larva of HyposoUr dis- 
parts: A, of first-instar larva; B, of second-instar 
larva; C, of third-instar larva; D, of fourth-instar 
larva; E, of fifth-instar larva. All drawn to same 
scale 
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EFFECT OP TEMPERATURE ON DEVELOPMENT 

111 reproduction, experiments conducted in 1929 tb,e period from 
deposition of the egg to formation of the cocoon ranged iroiii 20^ to 
33 days, while in 1930 the corresponding figures were 27 to 41. ^ The 
temperatures during the experiments in 1929 were distinctly higher 
than during the experiments in 1930. The readings were obtained 
from the records of a thermograph in the laboratory yard, arid daily 
mean temperatures were computed by averaging the hourly rea (lings. 
In 1929 the average of the daily mean temperatures for the period 
concerned was 63.7° F., while in 1930 it was 57.6°. No doubt this 

difference was, at least in 
large part, responsible for 
the difference in the length 
of the developmental peri- 
ods for the two years. 

COCOON 

The cocoon of Ilyposoter 
disparis is ovoid in shape 
and measures about 6 to 7 
mm in lengfh and 4 to 4.5 
mm in exti’eme transverse 
diameter. (Fig. 5.) It is 
dark gray in color, with a 
broad, pale gray, transverse 
band around the middle. 
An outer layer of compara- 
tively loose silk covers the 
dense, tough, more or less 
p archmen tiike e n v e 1 ope. 
Normally the cocoons are 
formed on the underside of 

Figure 5. — Hibernating cocoons of Hyposoter disparis. X 2J 2 leaves or branches beside 

the dead host larvae. 
The attachment to the remains of the host or to the surface of the 
leaf or branch is so w^eak, how^ever, that the cocoons invariably, so far 
as observed, drop to the ground, in most cases apparently within 48 
hours after being formed. 

PUPA 

In order to determine the time of pupation and the length of the 
pupal stage, numerous dissections wvere made of cocoons of kiiowm 
ages. Twnnty-four horns after completion of the cocoon the short 
caudal appendage of the mature larva has been retracted and has 
become shrunken and dark in color. After four days in the cocoon 
the larva exhibits a slight constriction at the posterior margin of the 
thoracic region and the developing eyes are weakly discernible. The 
meconium is usually cast about six days after formation of the cocoon 
and actual pupation occurs on the ninth or tenth day. The pupa 
darkens gradually, until at the end of about five days the head and 
thoprx havm become black and the base of the abdominal petiole is 
beginning to darken. Transformation to the adult occurs usually 2G 
to 21 days after the cocoon is completed, the pupal stage thus covering 
about 11 days. Normally the adult stage within the cocoon is at- 
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tained during the half of July, although emergence does not occur 
until the following spring, there being but a single generation annually. 
Very rarely, however, a male adult may emerge the same season m 
which the cocoon is formed. 

HYPERPARASITISM 

Because Hyposoter disy)aris has not been abundant in any of the 
localities in Massachusetts and New Hampshire in which it has been 
found, and since the cocoons, which drop to the ground soon after 
they are formed, are difRcult to find in the field unless the parasite 
is present in large numbers, no records have been obtained concerning 
the extent to which H. disparis is attacked by hyperparasites in this 
country. However, as already mentioned, the cocoons received 
from Italy in 1911 and 1912 were heavily infested with secondary 
parasites. The species reared included Hemiteles areator Graven- 
horst; three unidentified species of the same genus; Gelis sp.; Thero- 
scopus sp. (?); Sjnlocryptus purnilm Kreichbaumer, var.; Thysio- 
lorus sp.; Theronki atakiniae (Poda); Itoplectis clavicornis (Thomson); 
I. alternans (Graveiihorst); Monodoniomerus aereus Walker; Mono- 
dontomenis sp.; Haltichella macuUpenms De Stefani; and Euryioma 
appendigaster (Swederus).^ Unfortunately, accurate data concerning 
the percentage of parasitism by each or all of these species are not 
available. 

ECONOMIC IMPORTANCE 

As already mentioned, Ilyposoter disparis has not jet become an 
important parasite of the gipsy moth in New England. Year after 
year, since the original liberations in 1912, the species has been ob- 
tained from one or more localities in the course of the intensive rear- 
ing work that has been conducted by the gipsy moth laboratory in 
order to determine the distribution and effectiveness of the intro- 
duced parasites of the gipsy moth; but usually it has been reared in 
such small numbers that the recoveries merely served to indicate that 
the parasite was still present. However, in 1929, 1930, and 1931 
cocoons were obtained in somewhat larger numbers and from a gradu- 
ally increasing number of localities. In several collections the para- 
sitism by H, disparis has been 5 to 7 per cent. Moreover, dissections 
of a collection of 205 gipsy-moth larvae obtained at Boxford, Mass., 
in 1930 showed parasitism of 28 per cent by this species. 

Members of the staff of the gipsy moth laboratory had observed in 
certain European infestations of the gipsy moth that cocoons of 
Hyposoter disparis occurred most abundantiy in dense woodland, 
and that they could be found only occasionally along the outer mar- 
gins or on the edges of clearings. A similar condition in New England 
infestations within the area where IL disparis occurs had been sug- 
gested by certain observations. Accordingly, since roarings in 1929 
had indicated an increase in the abundance of the parasite at Box- 
ford, Mass., in the spring of 1930 an attempt was made to obtain more 
exact information on this point. The gipsy-moth infestation at this 
locality had declined sharply, and consequently only small colleGtions 
of larvae could be obtained. Nevertheless, the data secured are of 
interest. In the dense woodland 205 gipsy-moth larvae were col- 
lected while at the same time 230 were taken along the edges of this 
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woodland, all larvae of both lots being obtained from an area com» 
prising not more than 3 acres. All were then dissected. In the 
larvae collected on the outer margin of the woodland the parasitism 
by iJ. disf wris was only 4 per cent, while those larvae ol)taine(i in the 
shaded parts of the area were 28 per cent parasitized. This is o:i 
particular interest since certain other hyinenopteroiis parasites of 
the gipsy moth have repeatedly been observed to parasitize a. higher 
percentage of the host larvae in the more open growth than in the 
midst of the woodland. 

In the many infested areas in Europe where the gipsy moth labora- 
tory has conducted extensive rearing work during the last 10 years, 
H. disparis has never been observed to be a parasite of more than 
minor importance. Nevertheless, even species in that category may 
under certain conditions become the determining factor in the decline 
of an infestation. Moreover, the fact that H. dis'paris occurred in 
such enormous numbers in a gipsy-moth infestation at Gioja Tauro, 
Italy, in 1911 and 1912 that 125,000 and 171,000 cocoons, respectively, 
could be collected in the two years shows that under some conditions 
the species may become an imi)ortant parasite of the gipsy rnotli. 

Little information has been obtained concerning other hosts of 
Hyposoter disparis. At the European station of the gipsy moth 
laboratory at Budapest, Hungary, large numbers of larvae of many 
species of Lepidoptera have been reared each year since 1926 in order 
to obtain information regarding possible alternate hosts of various 
parasites of the gipsy moth in Europe, but H, disparis has never been 
reared from any of the numerous species collected. In experiments 
at the Melrose Highlands laboratory the parasite successfully repro- 
duced on larvae of^ the brown-tail moth (Nygmia phaeorrhoea Dono- 
van), but this species does not appear to be so suitable a host as the 
gipsy moth. 

Even the gipsy moth does not seem to be an altogether satisfactory 
host. Although a single female is capable of depositing a large 
number of eggs, this potential effectiveness is offset to a considerable- 
extent by failure of eggs to hatch after being deposited in the host or 
by the early death of the parasitic larva. Large numbers of dissec- 
tions have shown many parasitized larvae of the gipsy moth to con- 
tain dead eggs, and occasionally a dead larva of H, disimis surrounded 
by phagocytes. 

PHAGOCYTIC REACTION OF THE HOST 

Numerous investigators have observed that internal parasites are 
sometimes surrounded by phagocytes of the host and most of them 
have assumed that the parasites had been killed as a result of this 
phagocytosis, which was considered a defensive measure of the host 
against the invasion of the parasite. However, Cnenot (.0) observed 
that some parasites cause a phagocytic reaction to be set up by the 
host while others do not; and 'Pmtel (4, p, 158-160) concluded that 
normal healthy parasites do not induce this response, but that the 
phagocytes accumulate about dead or weakened parasites as they do 
about inert objects that may find their way into the body of the host. 
'Dmberlake(7), in his study of the campoplegine Eulimneriutn validuni 
(Cress.), observed that phagoc^rtosis occurred very commonly when 
eggs of this parasite were deposited in certain hosts, particularly the 



Feb, 15 , 1933 An Introduced Ichneumonid Parasite of the Gypsy Moth 345 


brown-tail moth. (Nygmia phaeorrhoea) and the eastern tent caterpillar 
(Malacosqma americana Fab.), but not at all when oviposition had 
occurred in the fall webworm {Hyphantria cunea JMmj) , the normal 
host of the Eulimneriuin. He concluded that normal, or adapted, 
parasites do not arouse this phagocytic response, which he considered 
a defensive reaction on the part of the host, while those parasites that 
are unadapted commonly do. But more recently Thompson (5), 
after wide experience involving observations on the development of 
many different types of internal parasites, has stated that in his opinion 
living parasitic larvae occurring free within the body of the host are 
never attacked by phagocytes, and that the adaptation of the parasite 
does not consist in the development of substances or structures to give 
protection against the attacks of phagocytes. 

In their study of Hyposoter disparis the writers have commonly 
found eggs of this parasite surrounded by phagocytes of the host. 
Much more rarely first-instar larvae have been found in this condition. 
In the course of the experiment, already mentioned, in which an at- 
tempt was made to determine the potential reproductive capacity of 
Hyposoter disparis, 3,427 eggs of this parasite were dissected from the 
gipsy-moth larvae that had been subjected to attack. It is worth 
noting that of these, 356, or more than 10 per cent, were surrounded 
by phagocytes within eight hours after oviposition. Futhermore, the 
dissections of host larvae made with the object of following the de- 
velopment of the Hyposoter larva showed that 13 per cent of the eggs 
and larvae found were dead and inclosed by phagocytes; and in dis- 
sections of several hundred field-collected larvae of Porthetria dispar, 
42, or about 34 per cent, of the 123 eggs and larvae of H. disparis 
found, were noted as encysted. 

The fact that the eggs and larvae of Hyposoter disparis so commonly 
fail to develop in caterpillars of the gipsy moth and become surrounded 
by phagocytes has suggested that the adaptation of this parasite to 
Porthetria dispar is not complete, especially since no similar condition 
has been observed with any of the other parasites introduced as agents 
for the control of this pest. Apparently the egg or larva of the para- 
site dies before encystment occurs, perhaps because the medium in 
which the parasite finds itself is not altogether suitable for its develop- 
ment, 

SUMMARY 

Hyposoter disparis Viereck is a parasite of the larva of the gipsy 
moth in Europe. It is known to occur in Russia, Poland, Austria, 
Czechoslovakia, Hungary, Yugoslavia, and Italy, being apparently 
most abundant in the south-central part of the Continent. 

It was first introduced into the United States in 1907 but it was not 
colonized until 1912. Five colonies comprising 12,500 adults were 
released in 1912, and the parasite immediately became established. 
It has dispersed only slightly, however, its pi’esent distribution in 
New England being restricted to a small area in northeastern Massa- 
chusetts and southeastern New Hampshire. 

The adult parasite is about 6 mni long, with a short, compact thorax, 
an elongate abdomen, and, in the female, a short, inconspicuous ovi- 
positor. In color it is black with a broad reddish-yellow band on the 
second abdominal segment, reddish-yellow legs, and hyaline wings. 
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The spe-cies hibernates as an adult in the cocoon, and emergence 
occurs iiomially late in April or early in. May. Mating under condi- 
tions of confinement was best obtained by the use of a small cloth cage 
held out-of-doors in direct sunlight. Temperatures of 65^^ F., or 
higher, were essential. The parasite oviposits most readily in active 
gipsy-moth larvae of the first and second instars. As many as 1,228 
eggs were deposited by one female, and the average for 10 individuals 
was 561. 

The egg is slightly Iddney-shaped, smooth, and pearly white; it is 
about 0.4 mm long when first deposited, but increases in size before 
hatching. There are five larval instars. The first-instar larva is 
elongate, cylindrical, with a strongly sclerotized brown head and a long 
caudal appendage. When mature, the larva measures 8 to 10 mm 
in length, the mandibles and the framework of the mouth region are 
heavity sclerotized, there are nine pairs of open spiracles, and the 
caudal appendage has become greatly reduced. The period from egg 
deposition to formation of the cocoon ranges from about 20 to about 
40 days, and depends in large part on the temperature. The cocoon is 
ovoid, about 6 to 7 mm long, dark gray in color, with a broad, complete, 
transverse pale-gray band at the middle. Pupation occurs 9 or 10 
days after cocoon formation, and transformation to the adult 10 or 11 
days later. There is but one generation annually. 

HyposoUr disjparis has, on rare occasions, been observed to be a 
very abundant parasite of the gipsy moth in Europe, but it has not yet 
become an important control agent of that pest in New England. 
Apparently the parasitism is heavier in dense woodland than in open 
growth or on the outer edges of wooded areas. 

The potential eftectiyeness of the species as a parasite of the gipsy 
moth is offset to a considerable extent by failure of eggs to hatch or by 
early death of the parasitic larvae. From 10 to more than 30 per cent 
of the eggs and young larvae of the parasite dissected from host cater- 
pillars that had been attacked in the laboratory and in the field were 
found to be dead and surrounded by phagocytes of the host. This 
suggests incomplete adaptation of the parasite to this host. 
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CURVED-LINE RELATIONSHIPS BETWEEN CERTAIN 
SHORT-PERIOD EGG YIELDS AND ANNUAL EGG PRO- 
DUCTION IN SINGLE-COMB WHITE LEGHORN FOWLS' 


By Willard C. Thompson 

Poultry Husbandman, Neiv Jersey Agricultural Experiment Station 

INTRODUCTION 

Scientific investigators and practical poultry producers have long 
since agreed that capacity to produce increased numbers of eggs is, 
at least to some considerable extent, inherited. It is obvious that 
the successful poultry farmer must (1) secure as high an average egg 
yield per year per bird as is possible vdthout impairing the health of 
the birds, and (2) employ certain principles of selection and breeding 
to accomplish this. Poultrymen recognize differences between the 
individual birds in their flocks in egg-producing capacity. They 
realize that criteria of selection must be used in establishing breeding 
flocks from which future layers are to be produced. The trap nest 
has been employed as a mechanical means of securing a measure of 
egg production. The exact record of daily egg yield for each indi- 
vidual for the entire pullet year of production has proved to be a 
useful and reliable criterion in selecting breeding stock. The trap- 
nest method, however, is so laborious and expensive that its general 
use is prohibitive, therefore materially reducing the number of 
accurately recorded birds from which to choose breeders. 

The purpose of the present study, which is based on correlations 
previously reported between winter-season egg yield and yearly total 
egg production, was to investigate the nature and type of such corre- 
relation, to make a similar correlation with another short period, and 
to determine the possibilities of drawing up a workable, practical 
breeder-selection program. 

REVIEW OF LITERATURE 

A survey of the literature indicates that several workers have noted 
that some significance attaches to the egg-yield record made during 
the winter season; that is, during the first three or four months of the 
first, or pullet, laying year. 

Ball and Alder (1, p. 53~5Jj.Y in 1917 made some interesting ob- 
servations : 

Enviromneiital factors influence the records of the pullet year more than that of 
later years and influence docks making low records more than those making high 
ones. ^ Winter egg production of flocks is more variable than annual 

production. This variation seems to be closely correlated with environmental 
factors. * * Xhe correlation between ^‘winter’' production and annual 

production was subject to wide and irregular fluctuations in the different flocks, 
without reference to the height of production. * * * The average correla- 

tion wms 58 per cent. The C‘winter'0 period as used does not seem accurately 
to represent a biological entity, but is made up of the end of one period and 
the beginning of another. 

1 Received for publication Apr. 26, 1932; issued March, 1933, Journal Series Paper of the New Jersey 
Agricultural Experiment Station. 

2 Reference is made by number (italic) to Literature Cited, p. 358. 
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This coiitrib'ution from the Utah station was part^ot ratlim* ex- 
tensive series of studies on the economic significance of various phases 
of eg’g production over a period of years. This work did iniicli to 
impress upon poultry breeders the differences between individiial 
fowls. ^ , 

Harris, Blakeslee, and Kirkpatrick (^) in 1918 rej)orted that in thn 
Singie-Comb White Leghorn fowl, under reasonably iiniforni condi- 
tions of breeding and nianageinent (they used Storrs egg-laying-contest 
records), there was a significant positive correlation between the 
miinber of eggs laid by a bird in any month of the year and the 
mmiber of eggs laid during the whole year. They further observed 
that there was a more intimate correlation betw^een the egg production 
of the aiitinim and winter months at the beginning and end of the 
contest year than between the egg production of these months and 
that of the spring and summer months. 

Harris, Kirkpatrick, Blakeslee, Warner, and Card (S) in 1921 again 
presented evidence to the effect that annual egg production for the 
pullet year might '‘with a high degree of accuracy” be predicted 
when the knovm yield for one, two, or three months was available. 
They suggested that full-year trap nesting, admittedly expensive in 
operation, might not alwa3^s be necessary. 

Harris and Lewis (4) in 1922, using New Jersey egg-laying-contest 
data, similarly indicated a sufficient degree of association between 
certain short-period trap-nest records and amiiial egg-production 
records to wmrrant their use for prediction purposes. 

Hervey (7, 8) in 1923 and 1924 continued studies of the correlation 
between short-period egg yield and annual total yield and described 
such relationships in a way that would be useful to practical poultry 
breeders. Hervey (7) reported a coefficient of correlation of + 0.7752 
±0.0132 between winter egg yield and annual total, on the basis of 
which, using a straight-line equation, he offered a regTession equation 
for prediction of annual egg production when the winter record was 
known, as follows: Y (annual) ^ 1.411 W-b 116.8. 

Hervey (7, p. 6) stated: 

Precedent for the use of the straight line has been set by Harris in a. series of 
reports with other authors, * * * not wdth the idea tliat regression is always 
linear when production is considered, but in the absence of a, large amount of 
data to prove the contrary its use seems justifiable. 

Hays, Sanborn, and James (fi) in 1924 reported on breeding work in 
the Rhode Island Red in which they indicated a coefficient of corre- 
lation of +0.6214 ±0.0142 between winter yield and animal total 
and stated that the tvinter record was of significant value in the 
selection of pullet breeders. Hays {5) later presented evidence of a 
highly significant degree of association between winter and annual 
egg production. 

These, and other workers, have paved the way for drawing up a 
practical breeder-selection program based on the use of short-period 
trap-nest records. So far as the present author has been able to 
determine, previous workers have all used a straight line to express 
relationship between the short-period trap-nest record (in all cases 
up to this time this short period has been either a month, or the winter 
season, except in the work of Hervey (7) ) . Practical poultrymen have 
at times expre.ssed dissatisfaction with the use of such straight-line 
equations, feeling that the results were not sufficiently accurate to be 
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used in substitution for full-year records. Some of these points of \new 
raised questions which a review of the previous work did not seem 
fully to answer. Several poiiltrymen have pointed out that such 
studies as these would possibly have increased interest and value if the 
information thus obtained could be applied on poultry-breeding plants 
where whole flocks were placed under trap nest on set dates and where 
it was not practicable to get individual records from the first egg. 
Hays et al. [6) of course had reported on a certain strain of the Rhode 
Island Red. They also used data from the first egg. 

MATERIALS AND METHODS 

During the two years following October 1, 1929, several thousand 
pullets wnre accurately trap nested and their respective egg yields 
definitely recorded at one or another of the three official egg-laying 
contests operated under the management of the Department of 
Poultry Husbandry, New Jersey Agricultural Experiment Station, 
and located at Paterson, Flemington, and Vineland, N. J. Included 
in this number were several thousand Single-Comb White Leghorns, 
a variety used extensively in the commercial table-egg industry. 
Upon examination of the available trap-nest records it was found 
that there were complete full-year (pullet-year) records at hand for 
3,937 individuals, each one of which had lived throughout the first 
contest year (October 1 forward for 51 weeks). These individuals, 
which have been used in this study, were found distributed through 
375 flocks. The flocks in the main represented as many different 
lines of breeding, since each flock in the egg-laying contest consisted 
of 16 birds sent by the poultry breeder. The sample is considered 
representative of the Single-Comb White Leghorn variety in the 
Eastern States. The various probable errors computed during the 
work tend to give evidence that this statement is correct. 

It should be recalled that the puUets sent to egg-laying contests 
are in the great majority of cases so selected that they are in a stage 
of maturity which will bring them into laying condition at a time very 
near to the opening of the contest year. Thus it is safe to assume that 
the records here used wmre gathered from bii'ds so hatched and reared 
as to bring them into production on approximately October 1. It is 
this definite group of birds on which this study has been made, and, 
therefore, it is for such type of birds that the results would naturally 
apply. 

The egg yield during the first 120 days of the egg-laying-contest 
year — that is, from October 1 through January 28— was considered as 
the /winter period, and the egg yield during this period (although the 
limits of the |)eriod were arbitrarily set) was used as a measurement 
of the piiUePs capacity to produce eggs during the early weeks of 
the first production year. It was assumed that (1) pullets reach the 
date of first egg, or sexual maturity, under average conditions, 
physically strong and vigorous; (2) pullets are likely to produce eggs 
chiefl.y as a result of inherited capacity during the earlier weeks of 
the production year; and (3) pnoduction will probably be less affected 
by envhonmental factors during this winter period than during the 
full-year period. If these premises are correct, the record of egg 
yield during the winter period takes on an unusual significance and 
gives promise of being an economically useful criterion of selection. 
Evidence already submitted substantiates this view. 
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Tlie egg yield during the last 30 days of the contest year* that is, 
during the period between August 25 and September 23, inclusive— 
was adopted as a short period at the^end of the pullet year of produc- 
tion which might give a practical picture of a tendency to maintain 
egg production well through the summer-fall season. In the industry 
it is generally recognized that pullets wdiich are able to keep up egg 
yield well through the hot summer months and into September are 
usually among the more prolific egg producers of the flock. Because 
of market-egg prices during this summer-fall period and because of 
the general labor situation on the average farm at that time egg yield 
dining August and September is of considerable importance. The 
dates are arbitrarily selected. 

Prof. C. S. Platt of the New Jersey station suggested to the author 
that the addition of the two short-period records just referred to 
might become a still more useful criterion , of selection than either 
used separately, and that the essential data obtained might not be 
impracticable for general use. For purposes of brevity this combined 
period is called the ^420 + 30^^ record. 

The following series of correlations are apparently essential: 

(1) Between winter egg jdeld (Xi) and annual total egg production (F) 

(2) Between winter egg yield (X^i) arid the last 30-day yield (A^ 2 ) 

(3) Between last 30-day yield (X 2 ) and annual total egg production ( F) 

(4) Between annual egg production (F) and winter egg yield (A*!), with the 

last 30-day egg yield (A%) held constant. 

(5) Between the ‘^120+30^^ yield (X) and annual total egg production (F). 

After the nature of these several correlations was determined, a 
series of regression equations for prediction purposes was derived. 
These are given later in this paper. 

It was planned to formulate, if possible, a practicable selection 
program for the use of poultry breeders, embodying the use of short- 
period trap-nest records and their relationship to the full-year trap- 
nest record- 

ANALYSIS OF EGG-PRODUCTION RECORDS 


Methods of statistical technique were applied to the available 3,937 
pullet-year egg-production records in an effort to obtain the necessary 
facts and figures for the interpretation of these records. The results 
are presented as problems 1, 2, and 3, respectively. In all problems 
the value of 3,937 cases. 


Problem 1. Correlation between winter 
tion, Xi and F, respectively: 


egg yield and total annual egg produc- 
For Xt For Y 


(1) Mean, with its probable error s 53,6 ±0.2474 202.96 ±0.8241 

(2) Standard deviation, with its prob- 

able error. _ 21.1 ±0.1607 5L71±0.3928 

(3) ..... .. ±0.6352±0.0064 

(4) w- - - ±0.6641 ±0.0033 

(5) Blakeznaii^s test for linearity (short) showed 12.1538>4.047, and therefore 

a curvilinear relationship was indicated between Xi and F. 

(6) Regression equation (straight line, i. e., F~a±6Zi) was found to be, with 

its standard error of estimate, as follows : F = 1 .553 X ± 1 1 5.032 ± 30.8435, 

(7) Curvilinear regression equation (log F— a±6 log Xi) was found to be log 

F= 1.24851 ±0.6143 log Zi. 

(8) Class interval for Xi = 10 eggs, and for F= 25 eggs. 

^ Problem 2. Correlation betw^een winter egg yield and total annual egg produc- 
tion, Xi and F, respectively, with last 30-day egg yield (X 2 ) held constant; 
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For Xi 

( 1 ) Mean, with its probable error_.._ 3 19.4±0.0656 

(2) Standard deviation, with its prob- 

able error 6.1 dr 0.1473 

(3) ri2.3-- d- 0.7487, when 1 refers to annual egg 

production, 2 to winter yield, and 3 
to last 30-ciay yield. 

(4) ri2 + 0.6352 rb 0.0064 

ri3 H-0.6024± 0.0069 

faa- - + 0.0610 ± 0.0681 

(5) Partial regression equation (F= 612.3 Xi-f 613.2 .X^2“l~Ci) was found to be 

r=1.4692 Xi + 4.7905 X2-l-26.9437± 18.4063. 

Problem 3. Correlation between the 120-1-30’' egg yield and total annual egg 
production, X and F, respectively; 

For X 


(1) Mean, with its probable error 61.0584 dz 0.4584 

(2) Standard deviation, with its prob- 

able error 42.6404 dz 0.3241 

(3) r^y -{-0.6711 dz 0.0088 

(4) t/yx d- 0. 71 50 dz 0.0078 


(5) Blakeinan’s test for linearity (short) showed 8.84084> 4.047, and therefore 
a curvilinear relationship was indicated between X and Y. 



120-DAY EG 6 PRODUCTION 

Figure 1.— Correlation between egg yield during first 120 days (as X) and total annual egg 
production (as 30; A, Regression of Y on X (straight line, Y^a-j-bX); B, line connecting means 
of columns; C, regression of Y on X (curved line, log Y=a+b log AO 

(6) Pegressioii equation (straight line, i. e., F—a-f 6X) was found to be, with its 

standard error of estimate, as follows: F= 0.8138 X d- 153.2667 db 28.4184. 

(7) Curvilinear regression equation (log F==ad-6 log X) was found to be loe 

F= 1.2324d- 0.64208 log X. ^ 

(8) Class interval for X — 10 eggs. 

The results here indicated are of considerable interest, especially 
in that (1) the size of N (3^937 cases) is very much greater than has 
been the case in earlier work and is sufficiently great to merit atten- 
tion as a fair cross section of the possible universe, (2) a curvilinear 
relationsMp is indicated as existing between winter egg yield and the 
annual eg^g-production total, ^ whereas in earlier reports only linear 
relationship has been dealt with, (3) a distinctly curvilinear relation- 
ship is shown between the ';120d- 30 ” egg yield and the annual egg- 
production total, and (4) that an even greater and more significant 
C()rrelation exists between the ^M20d-30'' egg yield and the annual 
yield than between winter yield and annual production. 

3 All values were carried to the fourth decimal place for use in computing. 
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Figures 1 and 2 show certain of these data. 

The ])oiiltr.y population of an egg-laying contest is closelj akin in 
type to that which would be found on the poultry-breeding farms 
from which the contest-flock birds have come. The poultry breeder 
selects certain of his maturing pullets to be trap nested, part of them 
are sent to a contest and part are trap nested at home. The 3,937 
individuals used in this investigation are considered, therefore, as 
representing a fair cross section of Single-Comb White Leghorn pullet 
layer stock. Figure 3 shows the distribution data of the 3,937 indi- 
viduals as to egg yields during the several short-period intervals 
and during the full-year period. 

In each instance the points located represent the frequencies at the 
respective midpoints of the chosen intervals. Frequencies have been 
plotted on the ordinate, and egg yields along the abscissa. 



DISCUSSION OF EGG PRODUCTION RECORDS 

Poultry breeders are apparently using egg-laying contests in a seri- 
ous attempd to identify futime breeders of increased egg-production 
capacity. This is indicated in the distribution of cases as to annual 
egg production, study of Figure 3 shows that in these 3,937 cases 
84 per cent of the individuals produced between 150 and 274 
mclusum, 13 per cent produced between 0 and 149 eggs, inclusive 
and onty 3 per cent produced more than 274 eggs during the contest 
year, ihese hgures indicate a very satisfactory proportion of highly 
economical^ and profitable egg producers. The class between 200 and 
224, inclusive, ^was the modal ^ eontained 949 individuals, 

ihe study dealt, therefore, with types of fowls which, other things 
being^equal, might furnish at least a fair percentage of eligible breederl 
in the winter egg-yield distribution the modal class (10-egg interval) 
wasrihat between 50 and 59, inclusive, with 652 cases, but the class 
next below the modal class and the two classes just above it were 
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close to it in frequencies, the four classes showing 558, 652, 639, and 
577 cases, respectively. This span between 40 and 80 eggs as winter 
yield included 61.62 per cent of the total number of pullets in the 
flocks. This unusually high winter-production tendency was con- 
sidered as indicating a generally high quality of birds in this study. 

Further evidence of the high quality of these 3,937 birds was found 
in the third distribution curve, which indicated that as to “ 120 + 30’’ 
egg yield the modal^ class^ (again a 10-egg interval used) was that 
between 60 and 69, inclusive, with 604 cases, 66.32 per cent of the 
birds falling within a range between 50 and 100 eggs for this “ 120 + 30” 
period. 

RELATION BETWEEN WINTER EGG YIELD AND ANNUAL TOTAL EGG PRODUCTION 

The plotting of the means of each class interval in winter-yield 
distribution, as to annual egg production (fig. 1, B) at once intimated 
that a somewhat curvilinear relationship apparently existed between 
these two categories. The Blakeman test for linearity further con- 



Figure 3.— Distribution of individuals (3,937 cases) as to egg production: A, winter egg pro- 
duction; B, first 120 plus last 30-day egg production; C, annual egg production 


firmed this belief. Finally, the plotting of the regression lines 
(fig. 1, A and C, respectively) and a comparison of their locations 
with respect to the line connecting the means of the columns seemed 
to warrant the conclusion that in these 3,937 Single-Comb White 
Leghorn pullets the correlation between winter egg yield, as repre- 
sented hj the first 120-day egg yield, and the total egg yield for the 
first 51 weeks, or contest year, was distinctly curvilinear. 

The correlation ratio, the nvx value of +0.6642 ± 0.0033, has been 
deemed a more accurate expression of the degree of relationship 
between these two categories than is the or coefficient of correla- 
tion, of +0.6352 + 0.0064. 

No very material advantage is to be gained through the use of the 
logarithmic-regression equation, log Y == 1.24851 + 0.6143 log AT, over 
that of the straight-line equation, F" 1.553 X+ 115.032, in the group 
having a winter egg yield approximately between 40 and 79 eggs, 
inclusive, since both equations would predict within a reasonable 
degree of the same thing. In those cases in which the winter yield 
is below 40 and above 80 eggs, the logarithmic prediction formula is 
more reliable than the straight-line equation. 

166008—33^ — -5 
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It is not suggested that the formula presented necessarily gives the 
closest approach to the curvilinear data of this problem. Future 
studies of other possible formulas may determine a regression equa- 
tion which will adequately fit the data presented. At the moment, 
with particular emphasis upon practical usage, the use of the 
2-regression equation as indicated in the text and in Figure 2 is offered 
as a workable proposition at least pending the finding of some single- 
regression equation which in itself would more nearly fit the data. 

The author feels so strongly that the 3,937 cases used in this 
investigation represent a fair cross section that he would be inclined 
to use the graphic method of predicting annual egg production from 
known winter yield rather than either of the mathematical formulas 
here presented. He suggests that the curve shown in Figure 1, B 
might be thus used advantageously. The practical poultry breeder, 
on January 28 would stop trap nesting and recording and add up the 
indmduai records for the winter months. Then, having for each 
individual bird a known winter-season egg-yield record he would find 
that known record along the x, or base line. The intersection of the 
line from that point with curve B, in Figure 1, indicates the pre- 
dicted or expected annual egg production. For example, if the known 
wintp yield is 60 eggs, one I'eading dhect from the graph would 
predict an annual production of 210 eggs, if the winter yield is 40 
eggs, the annual production would be about 180 eggs, and if the 
winter yield is 75 eggs, the annual production would" be about 230 
eggs, etc. 

^ If the wdnter egg yield may be taken as a reasonably fair indication 
of the inherited capacity of fowls to produce eggs, the economic 
significance of this winter egg-yield record is at once apparent. It 
permits the poultry breeder to cease the expensive and laborious task 
of trap nesting and recording after January 28. It furnishes him 
with sufficiently accurate and complete information concerning each 
individual to allow' him to group or classify his fowls with a high 
degree of skill. Upon this premise it is suggested that the average 
flock thus trap nested during only the 120-day period after October 
1 might be divided into three groups, for breeding purposes, as follows : 

Group 1 would include pullets producing from 50 to 69 eggs, 
inclusive, during their first 120 days, a class with a range of predicted 
annual egg-production values from approximately 196 through 240 
eggs (using logarithmic equation). All birds that do not come up to 
this minimum of 50 eggs during the winter period should be discarded . 

Group 2 w'ould include those pullets producing from 70 to 89 eg<>-s 
inclusive, a class with predicted annual egg-production totals between 
approximately 240 and 280 eggs. 

Group 3, the smallest group, in numbers, would include those 
pullets producing more than 89 eggs during the winter period, or 
iiavnig a picdictcd annual record of 280 or more eggs. This group 
would represent the highest degree of laying efficiency found in the 
trap-nested stock. 

Of course, such selection and grouping as is here suggested would 
be made only if other things were equal, such as health, type, and 
size, and, perhaps, standard quality. 

workable^^^^ besting must stop with the wdnter season, this plan is 
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RELATION BETWEEN “120+30” EGG YIELD AND ANNUAL PRODUCTION 

Hervey (7) found a significant correlation between the summer- 
fall period egg yield and the total egg production for the year, ex- 
pressed by the coefficient +0.7860 ±0.0135. Other investigators 
have indicated that prolonged production throughout the pulled year 
period was an indication of high egg-yield capacity. As explained 
earlier in this paper, the arbitrary 30-day period between August 25 
and September 23 has been chosen as a measure of prolonged egg 
yield. It was suggested that this measurement added to that of the 
winter season might furnish a still better criterion of selection than 
did winter yield alone, or summer-fall record alone. 

From a practical point of view, this seems sound. The poultry 
breeder can economically and easily trap nest a fairly large number 
of pullets during the first four months, or through Januaiy 28. He 
must then stop that work because of the heavy demands of the chick 
hatching and rearing season. He must cut down on expenses as 
well. 

As summer wanes, however, the young chickens need little care. 
The poultryman’s time is less filled and he finds that he can again 
take up some trap nesting. He will start trap nesting the new 
pullets as October approaches. He can easily start to operate the 
trap nests on the laying flocks during late August and economically 
and efficiently trap nest some of the pullets which he trap nested 
during the preceding winter season. 

The second part of this investigation consisted in an attempt to 
find out whether or not it would be worth while to trap nest during 
this late SO-da}’' period. By similar tests to those applied to the 
winter-season data, the relationship between the ‘A20 + 30” day 
egg yield and annual egg production was found to be distinctly 
cuiwilinear, as shown by Figure 2. 

A study of the tlnee curves in Figure 2 reveals a considerably more 
interesting and probably a much more serviceable measurement of 
egg-production capacity than w^as found when only the wunter egg 
yield was used. In the first place, the degree of association between 
the ‘420 + 30’^ day egg-yield record and that of the full year is 
greater than that in the other case. In this instance the value of r 
was + 0.6711 ± 0.0088, and that of was + 0.7150 ± 0.0078. This 
gives an increased value to the predictions based upon that relation- 
ship. The curvilinear nature of the relationship is sharply defined, 
and the line connecting the means of columns tends to coincide with 
the two regression lines. 

After a careful study of Figure 2 and its formulas, used on innumer- 
able cases for prediction purposes, the following suggestions are 
oftered: (1) When the egg yield during the ''120 + 30” period is 
below approximately 42 eggs, the relationship wMch that yield beans 
to the annual total egg production is very distinctly curvilinear in 
character. The predicted annual production attained by use of the 
logarithmic formula, log F= 1 ,2324 + 0. 64208 log X, and that obtained 
by direct reading through use of curve B, in Figure 2, are very closely 
similar. The differences are, at least from the standpoint of the 
practical poultry breeder, negligible. (2) A division line can be 
established, therefore (aa in fig. 2), below which point the logarithmic 
equation is to be used, if for any reason it is desired to predict annual 
production on birds of that degree of egg-laying capacity. (3) 
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Above the line aa the straight line equation, F=0.8138A"+ 153.2667. 
should be used for prediction purposes, or a direct reading from 
curve B, either of which would render approximately the same 
results. 

Although for the practical poultiyman interested primarily in fiiid- 
ing a method of using a short-period trap-nest record as a criterion of 
selection, the linear equation just referred to would be siifhcient, it is 
of interest to poultry science to have the situation as it stands below 
the ua line defined. 

The foregoing discussion has been limited to the possible statis- 
tical and economical usefulness of (1) the winter egg-yield record 
alone, and (2) the combination of the winter record with that of the 
last 30 days of the laying year, i. e., the ^A20 + 30’’ period record. 
It is possible that, if, instead of combining the winter and the last 
30-day records into one measurement, each is used separately, still 
closer prediction of annual egg production might be made.^ There- 
fore, the study made as problem 2 was undertaken. A partial corre- 
lation was worked out, and a partial regression equation evolved. 
The separate use of the two short-period trap-nest records offers a 
more accurate and exact means of prediction than does eitlier of tlie 
other two formulas and is no more difficuit to use. Scientifically, 
it is, perhaps, an interesting and worth-while example of the usefiil- 
ness of the partial correlation and regression principle to poultry- 
science problems. 

SUMMARY 

In the case of 3,937 Smgle-Comb White Leghorn pullet layers 
studied as to first-year egg-production capacities, '"a highly significant 
positive correlation of curvilinear type was found to exist bet-ween 
the egg yield during the first 120 days after October 1 (approximately 
date of first egg) and total egg production for the contest year (51 
weeks after October 1). 

A still more significant positive curvilinear correlation existed 
between the “120 + 30’’ day egg yield and annual total egg produc- 
tion. 

If both winter egg yield and yield during the 30-day summer period 
are available, the practical poultry breeder has an efficient means of 
predicting annual total egg-producing capacity in the palatial regres- 
sion, or prediction equation here given. * 
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INHERITANCE IN ALBIT WHEAT OF RESISTANCE TO 
BUNT, TILLETIA TRITICI ^ 


By E. N. Bressman, Associate Agronomist, and L. E. Harris, Assistant, Oregon 
Agricultural Experiment Station 

INTRODUCTION 

Albit wheat (Washington No. 2517, C. I. No. 8275, and registra- 
tion No. 258) is the result of a cross between H^^brid 128 (female) 
and White Odessa (male), made in 1920 by E. F. Gaines. It is a 
club wheat with awnless spikes, glabrous white glumes, and soft white 
kernels.^ In morphological characters it is like Hybrid 128^ (fig. 1 ), 
but in its resistance to bunt {Tilletia tritici (Bjerk.) Wint. and T, 
levis Kiihn) it resembles White Odessa. 

In 1931 the senior author^ repox*ted that Albit showed the same 
reaction to bunt as White Odessa, its bunt-i'esistant parent. ^Ht 
appears,” he stated, ^^that Gaines has completely transferred the 
resistance of White Odessa to a segregate having morphological 
characteristics similar to those of the susceptible parent. Hybrid 128.” 

Martin, White Odessa, Banner Berkeley, Albit, and Regal wheats 
have been found by the senior author ^ to be similar in their resistance 
to Tilletia tritici and T. levis. Briggs® has shown that Martin, White 
Odessa, and Banner Berkeley have one main dominant factor for 
resistance to T. tritici. 

EXPERIMENTAL DATA 

Data previously reported by the senior author^ showing the reac- 
tion of '\Wiite Odessa and iHbit wheats to 43 different collections of 
bunt ai’e presented graphically in Figure 2 . This figure shows that 
the two varieties are similar in their reaction to all 10 of the forms 
of bunt (included in collections) used in earlier tests. Both were re- 
sistant to 29 collections and susceptible to 14. The one discrepancy, 
apparent susceptibility of White Odessa to collection 7c and re- 
sistance of Albit, was cleared up in 1929 when it was found that both 
varieties are resistant to this collection. Other trials in 1930 and 1931 
also indicate that these two varieties are identical in their ability to 
resist bunt. 

In 1928 several crosses were made between Hybrid 128 and Albit. 
The Fi plants were grown in the greenhouse in 1928-29 . The F 2 
plants were growm in 1929-30 from copper-carbonate treated seed so 
that the F 3 generation should contain both susceptible and resistant 

1 Received for publication Apr. 13, 1932; issued March, 1933. Contribution from the Department of 
Farm Crops, Oregon Agricultural Experiment Station. Paper No. 183 of the Journal Series. 

2 Clark, J. A., Parker, J. H., and Waldron, L. R. registration of improved varieties of wheat. 
II. Jour. Amer, Soc. Agron. 19 : 1037-1041. 1927. 

3 Schafer, E. G., Gaines, E. F., and Barbee, O. E. wheat varieties in w^ashington. Wash. Agr. 
Expt. Sta. Bui. 207, 31 p., Ulus. 1926. 

^ 5 Bressman, E. N. varietal resistance, physiologic specialization, and inheritance studies in 
bunt OF WHEAT. Greg. Agr. Expt. StR. Bul. 281, 44 p., illus. 1931. 

6 Briggs, F, N. inheritance of resistance to bunt, tilletia tritici, in white Odessa wheat. 
Jour. Agr. Research 40: 353-359, illus. 1930. 

— — inheritance of resistance to bunt, tilletia tritici, in hybrids of white federation and 
BANNER BERKELEY WHEATS. Jour. Agr. Research 42 : 307-313, illus. 1931. 

7 Bressman, F. N. Op. cit. 
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COLLECTIONS OF BUNT 

2— Reaction of White Odessa and Albit wheats to various collections of hunt. The percentages of bunt are the averages of two trials conducted in 1928 at Corvallis and 

Moro, Oreg. Note the similarity of reaction of these two varieties, parent and segregate 
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segrega-tes. In the fail of 1930 the seed lor the F:? gei)4n:“at'aoii^^^ai8 
heavily coated with inoculum from bunt collection No.^l2a.^ lliis 
collection was originall}^ obtained from Tucson, Ariz. lims a lorin ot 
Tilletia tritki, cl^ssi&ed as phA^siologic form VIIL This collection 
was used as inoculum because the Hybrid 128 parent is susceptible 
and the Albit parent is resistant. 

No bunt appeared at Corvallis on Albit when it was inoculated witli 
collection 12a (Table 1); but in 1929 at Moro 2 bunted heads out of a 
total of 505 were found in this variety. No significance is attached to 
this fact, however, for a few bunted heads are coninionly louiid in a. 
resistant variety. Hybrid 128 in all tests was susceptible to collec- 
tion 12a. At Aloro in 1929 this collection produced 63 per cent infected 
heads in Hybrid 128. 

White Odessa Avas inoculated with collection 12a in 1929 only. In 
these trials 200 heads of White Odessa were coimted at Corvallis and 
300 at Moro, but no bunt Avas found. 


Table 1, — Percentage of bunt in the parent varieties when inoculated with hunt 
collection 12a, Corvallis, Or eg. 




Percentage of Iniiit in— 

A^ariety 




1 




1928 

1929 1 

1,930 

1931 

.Average 

Albit - 

0 

0 

0 

0 

0 

Hybrid 128 ., 

43 

40 

91 

82 

64 


In the Hybrid 128 X Albit crosses, the Fi, F2, and F3 progenies were 
all identical in morphological characters with the parent varieties. In 
other Avords, there Avas no segregation for these characters. In fact, 
the only method of determining that hybridization had been effected 
was through the segregation for bunt resistance. This segregation is 
shown in Table 2. Each roAV, fall sown in the field at Corvallis, Avas 
16 feet long and contained about 60 plants. The F3 generation was 
represented by four families and a total of nearly 5,()00 plants. One 
family did not segregate for bunt resistance, indicating that it was not 
a hybrid. The results of its smutting, therefore, are not included. 


Table 2. — Distrihution of the rows of the cross, Hybrid 1 28 X Albit, into 10 per 
cent classes for bunt infection, Tritici species, collection 12a, physiologic form 
VUI, Corvallis, Oreg., 1931 


Hybrid family No. 

Number of rows having indicated percentage of plants infected 

Total 

rows 

0-10 

11-20 

21-30 

31-40 

41-50 

51-60 

j 

61-70 

71-S() 

Sl-90 

9N,100 

1.-.,. 

5 

2 

5 

1 

2 







2 - 

3 


1 




9 

I 



8 

3. " " ■ 

4 

3 

■ L 

4 





4... 

4 

4 


5 

1 



0 

3 


1 U 
OQ' 









1 

^0 

Total 

16 

9 

14 

10 

3 

1 

' ', 3 ' 

— fi 

9 

4 

„.;76 


P=0.72. 
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In the ci'osses between Hybrid 128 and Albit the distribution of Fg 
rows into 10 per cent classes for bunt infection agrees closely with a 
1 :2:1 ratio when the 0-10 class is considered as resistant and the 
classes above 70 as susceptible. In the resistant class there are 16 
rows, in the susceptible class 20, and in the segregating class 40. On 
the basis of a l-factor difference, there should have been 19, 38, and 
19 rows, respectively, in the three classes. Since P = 0.72, a very 
satisfactory agreement with the 1:2:1 ratio is indicated. The value 
of P was obtained from Fisher.® 

One family, No. 3 , shows a perfect segregation of 1:2:1 with 4 
resistant rows, 8 segregating, and 4 susceptible in a total of 16 rows. 
In fact, all four families show a satisfactory agreement with a 1:2:1 
ratio. The F3 rows are plant rows. 

Briggs ® states that there may be more than one factor for resistance 
in White Odessa wheat. The results herein reported indicate that 
White Odessa has only one factor for resistance and that it applies 
only to certain physiologic forms of bunt, namely, Nos, II, III, V, 
VI, and VIII of the senior v/riter’s classification. This factor (Mlf) 
has been transferred from White Odessa to Albit, so that both varie- 
ties contain the identical factor. These varieties, however, contain 
no factor for resistance to forms I, IV, VII, IX, and X. Hybrid 128 
is entirely sxisceptible and carries no factor for resistance to any of 
the x^hysiologic forms. 

SUMMARY AND CONCLUSIONS 

Albit wheat contains one main dominant factor for resistance to 
certain physiologic forms of bunt. This factor, AfA/, is the same as 
that carried by its male parent, White Odessa. 

Apparently the factor MM is fairly well distributed, for it has been 
found by Briggs (who designated it) or by the writers in Martin, 
White C)dessa, Hussar, Banner Berkeley, Albit, and possibly Regal 
wheats. These wheats differ in species, size and shape of head, color 
of kernel, color of chaff, beaided condition, color of straw, and other 
characters. 

Albit wheat contains morphological characters similar to its female 
parent, Hybrid 128 , Crosses between Albit and Hybrid 128 do not 
segregate for morpholo^gical characters, but they do segregate ior 
bunt resistance and possibly for other factors such as, yielding ability. 
Apparently Hybrid 128 carries no factor for bunt resistance. 


s FisHiSK, R, A. STATISTICAL METHODS FOR RESEARCH WORKERS. Ed. 2, rev. and enl., 269 p., illus. 
Edinburgh and London. 1925. 

“ Briggs, F. N. Op. cit. (Footnote 6, first reference.) 

10 Bressman, E. N. Op. cit. 




THE VITAMIN C CONTENT OP THE WINESAP APPLE 
AS INFLUENCED BY FERTILIZERS ' 


By Myra T. Potter, Instructoi' in Foods and Nutrition^ State College of Wash- 
^ington, and E. L. Overpiolser, Horticulturist, Washington AgricuWural Experi- 
meni Station ^ 


INTRODUCTION 

The value of many fruits as a source of 'vutamin C is widely accepted. 
Much information is available concerning the occurrence and stability 
of vitamin C in food materials. Information is incomplete, however, 
concerning the possible influence of various factors in the field, such 
as cultural operations employed in growing the product. The appli- 
cation of mineral fertilizers may measurably affect tree vigor, the 
I’elation of leaf area to fruit borne, the size, color, and time of maturity 
of individual specimens, and even their chemical composition, espe- 
cially the mineral content. ^ 

Bracewell, Hoyle, and Zilva (2)^ found that varieties W'Cre signifi- 
cantly different in vitamin C potency, but they reported no indica- 
tion that the age of trees, soils, or season had any bearing on the 
antiscorbutic potency of the apple. A publication from this same 
laboratory in 1931 (4), upon vitamin C and the nitrogen content of 
apples, reported no conclusive evidence of a relationship between 
nitrogen content and vitamin C value. 

It was believed that a study of the possible influence of the appli- 
cation of a complete fertilizer (N, P, and K) upon the vitamin C 
content of the apple, as contrasted with apples from trees receiving 
no fertilizer, would be of interest. As a basis for this study, the 
Winesap variety, found by Potter (9) to be a good source of vitamin C, 
was selected since the minimum protective level had been established. 

MATERIALS AND METHODS 

In an attempt to obtain more definite information on the possible 
influence of applying complete fertilizers upon the vitamin C con- 
tent of Winesap apples, fruit was obtained from fertilizer experi- 
mental plots of the Divisions of Horticulture and Agrononiy, Wash- 
ington Agricultural Experiment Station, in the Wenatchee district. 
The trees were 20 years old and were growing in a Cashmere gravelly 
coarse sandy loam (Kocher (6)). The orchard was in cover crop, 
consisting of a poor stand of alfalfa wdth considerable weed growth, 
and was irrigated by the rill or furrow system. 

The fertilized trees during the years 1928 to 1931, inclusive, 
received annual applications per tree of a complete feidilizer as fol- 
lows: 5.7 pounds of an equal mixture of ammonium sulphate and 


1 Received for publication May 28, 1932; issued March, 1933. Published as Scientific Paper No. 216, 
College of Agriculture and Experiment Station, state College of Washington. 

^Appreciation is expressed to Leila W. Hunt, professor of foods and nutrition, College of Home Eco- 
nomics, for helpful suggestions and aid in the nutritional phases of this study; to Prof. E. L. Overley of 
the Division of Hortieulture, who was responsible for the application of the fertilizers and who harvested 
the apples utilized. 

3 Reference is made by number (italic) to Literature Cited, p. 373. 
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sodium iiitratej 11.7 pounds. superpbospbate, and 3.9 pounds of a 
mixture of equal parts of in.iiriate of potasb and sulphate of potash. 
These fertilizers were broadcast in December either on the^ ground 
surface or on the snow. The check trees received no lertilizer 
applications. 

Comparable samples of Extra Fancy grade of the coinniercial size 
of Winesap apples, averaging 125 specimens per box, were harvested 
from both plots at the commercial stage of mahuritjq and immediately 
forwarded to Pullman, where they were retained at temperatures of 
40'' to 45'' F. The vitamin C studies which were initiated shortly 
after the fruit was received, were conducted with guinea pigs, using 
essentially the technic of Sherman, LaMer, and Campbell (10). 

The guinea pigs were observed in the laboratory for at least one 
week brfore beginning the experiment, in order to select normally 
growing animals. During this period the basal vitamin-C-free ration 
was fed, supplemented with vitamin-C-rich foods, to adjust the 
animals to the basal ration. This basal ration was that of Sherman, 
et al. (10) with several modifications: 

Per cent 


Oats, sound whole grain, ground 58 

Baked skim-rnilk powder (heated for 4 hours at 110'^ C.) 30 

Butterfat, filtered and freshly prepared 10 

Sodium chloride 1 

Cod-liver oil 1 


100 

Ebrty-two guinea pigs, averaging approximately 325 g each were 
used for this experiment, the animals being divided as follows : 

Number of 
animals 


Basal ration, plus orange juice (positive control) 6 

Basal ration only (negative control) 6 

Basal ration, plus apple : 

5 g fertilized Winesap apple 15 

5 g nonfertilized Winesap apple 15 

(Apple feedings made daily, 6 days per week.) 


The animals were kept individually in galvanized screen cages 
with raised false bottoms. Fresh water and the basal ration were 
supplied daily. 

The guinea pigs ^vere observed daily for lameness, soreness, and 
enlargement of wrists, and were weighed on alternate days. The 
experimental periods used during 1930-31 were of 70 to 90 days^ 
duration. Since Morgan et al. (8) presented data which show the 
adecpiacy of a shorter experiniental period, the interval employed 
during 1931-32 was 56 days. 

The positive-control animals were given orange juice as their 
source of vitamin C, tliis being fed at a level well above the generally 
accepted protection requirement. 

The apple feedings were prepared each day following a definite 
technic. Vitamin C is easily destroyed by oxidation, as has been 
demonstrated by Kohman (7) and Kenney,^ and other workers. 
Hence, a method was developed b^r which a uniform sample of apple 
pulp could be prepared qiiicldy with minimum oxidation resulting. 

< g is the abbreviation for gram or grams recently adopted by the Style Manual for U. S. Government 
printing, 

Kenney, C. L. a study of the theemostability op vitamin c. 1926. (Diss., Columbia Univ.) 
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The apples were wiped, cored, quartered, and the skin surfaces 
scarified about one-eighth inch apart. The apple tissues were then 
ground, weighed, and fed to the animals immediately. Such a method 
produced a composite sample, with the skin and subepidermal tissues 
uniformly distributed. According to Bracewell, Kidd, West, and 
Zilva (3)y these tissues contain the greatest concentration of vitamin 
C. Furthermore, the feedings were consumed by the animals before 
there was appreciable evidence of brown discoloration from oxidation. 

At the close of the experimental period, autopsy studies were made 
on all animals, the Sherman scurvy score (10) being used to evaluate 
and record the findings. With this method of scoring, 0 indicated an 
absence of apparent evidence of scurvy while a score of 24 signified a 
condition of severe scurvy in all of the enumerated points of exami- 
nation. The range from 1 to 24 was divided into four classes, with 
an interval width of 6. These classes designated the following states 
of scurvy: 1-6, mild; 7-12, moderate; 13-18, severe; and 19-24, 
very severe. ^ 

In expressing autopsy findings a negative sign indicated absence of 
scurvy, while 1 to 3 plus signs showed an increasing degree of severity 
of scurvy. It was thought that XDOssible differences in vitamin C 
value betw^een fruit of apple trees receiving complete fertilizers and 
apples from trees not fertilized would be more apparent wiien the 
animals w^ere fed quantities slightly below^ the protective dose. 
Potter (9) found that Winesap apples, w^hether from fertilized or non- 
fertilized trees, when fed in 10 g amounts daily protected guinea 
pigs from scurvy and allow^ed them to gain in weight. The animals 
receiving the 5 g feedings, how^ever, exhibited scurvy in all but a few 
cases. This smaller dosage of apple, therefore, seemed to offer the 
degree of protection w-here small differences in vitamin C content 
could be discerned. 

EXPERIMENTAL RESULTS 

The experimental data are shown in Table 1. 
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Intensity of scurvy is indicated by plus signs, each having an arbitrary value of 1; minus signs indicate absence of symptoms. 



372 Journal oj Agricultural Research voi. 46 , No. 4 


The positive-control animals lived throiigiioiit their experimental 
periods, and were protected from scurvy. The average weight gains 
for this group were 2.3 g daily. The negative-control group, hovnnwrr, 
lost 5.1 g daily, and had an average survival period of only 26 days. 
These negative animals showed a very severe scorbutic condition at 
autopsy as the high average scurvy score of 19 indicated. Their lile 
period on the scorbutic basal diet alone corresponds very closely with 
the data of Sherman, LaMer, and Campbell 

In Table 1, data are also presented for the guinea pigs that were 
fed 5 g amounts of the Winesap apples from trees receivi.ng applica- 
tions of the complete fertilizer. Three animals died from scurvy 
before the end of their experimental period. ^ The average scurvy 
score for the group was 6, which indicated a mild scorbutic condition. 
The average claily weight loss was 1 . 1 g. 

The records for the guinea pigs that were fed 5 g of nonfertilized 
Winesap apples as their source of vitamin C are likewise shown in 
Table 1. In this group four animals died before the experimental 
period terminated, and had marked scorbutic lesions. Most of the 
animals lost weight (an av^erage loss of 1.6 g daily) and those surviv- 
ing the experimental period with only three exceptions showed marked 
evidences of scurvy at post-mortem examinations. The average 
scurvy score for this group was 10.6 which would give the group an 
average rating of moderate scurvy. 

DISCUSSION OF RESULTS 

Bracewell, Wallace, and Zilva (4, P- 146) summarized their find- 
ings concerning the relation of potency of vitamin C to nitrogen 
content of apples as follows : 

King Edwards containing about 0.0307% of nitrogen were about 1.5 times as 
potent antiscorbutieally as apples of this variety containing about 0.{)387%j of 
nitrogen. No significant disparity in the vitamin C content was found between 
Bramley’s Seedlings containing high and low ciuantities of nitrogen. 

Ill view of these results it would have been of interest to fivuiow the 
nitrogen content of the fertilized and nonfertilized Winesap a])])les 
employed in the experiment herewith reported. Such analyses, 
however, are not available. According to Gourley and Hopldns 
(5), and Aldrich (7), the application of nitrogen-carrying fertilizers 
tends to increase the nitrogen content of the apples of trees so fer- 
tilized. It is of course possible that some one of the other elements 
in the complete fertilizer applied, rather than nitrogen, may have 
been responsible for differences observed in vitamin C potency between 
the fertilized and unfertilized Winesap apples, and as herewith re- 
ported. It is also possible that the effect may have been an indirect 
one rather than any increase in the actual mineral content of the apple. 

CONCLUSIONS 

The fact that 60 per cent of the animals receiving apples from 
fertilized trees were protected or developed only mild scurvy, while 
with the animals fed apples from nonfertilized trees not one wxas 
protected and 80 per cent developed moderate to very severe scurvy, 
is significant. 

Fiym the data submitted, Winesap apples from trees receiving 
applications of a complete fertilizer appeared to be a better source of 
vitamin C than apples from trees not so fertilized, when fed at the 
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5 g level. This should not be interpreted as indicating that Wine- 
sap apples are an unsatisfactory source of vitamin C unless from trees 
receiving applications of a complete fertilizer. Potter (.9) has found 
that when fed at the 10 g level, differences were not apparent between 
fruit from fertilized and from nonfertilized trees. 
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YIELD AND CHEMICAL COMPOSITION OF CERTAIN 
PASTURE CROPS, FERTILIZED AND UNFERTILIZED ' 


By Maynard S. Grijnder 

Agronomist, Western Washington Station of the Washington Agricultural 
Experiment Station 

INTRODUCTION 

The high yields of pastiire herbage obtainable in the valleys of 
western Washington make it desirable to secure data relative to the 
value of adapted grasses, and the changes that occur as a result of 
fertilizer applications or improved methods of management. 

Unpublished data secured by McCollam ^ in 1928 and by the 
author in 1929 showed that yields ranging from 6,000 to 10,000 
pounds of dry matter per acre could be obtained from pasture crops 
grown on moist bottom-land soil, when the crops were cut at inter- 
vals of approximately a month. It was found, however, that with 
a growing period of a month, the grasses reached a comparatively 
advanced stage of maturity. In the work here reported, a 14-day 
growth period was allowed between cuttings in place of the monthly 
period previously employed, since it was desired to obtain informa- 
tion relative to the composition and yield of pasture crops in the 
more immature stages. 

WORK OF PREVIOUS INVESTIGATORS 

McCollam,^ at the Western Washington Experiment Station, in 
1928 recorded yields on a number of pasture crops growing on a 
muck soil well supplied with moisture. A bottom-land mixture con- 
sisting of adapted grasses and clovers recommended for western 
Washington (<8),® cut on the specified dates, produced the following 
yields of dry matter in pounds per acre: April 27, 2,375.7 pounds; 
June 5, 2,544.6 pounds; July 9, 2,252,9 pounds; August 4, 1,659.4 
pounds; and August 25, 861 pounds. The total yield for the season 
was 9,693,6 pounds of dry matter per aci'e. During the same period 
Italian ryegrass produced 8,697.8 pounds of dry matter per acre, 
and white clover 6,685.8 pounds of dry matter per acre. 

Woodman, Norman, and Bee ( 14 ) analyzed samples of a mixed 
grass cut at intervals of three weeks from April to October, 1929. 
They found that the average protein content of the grass cut in 
this manner was 21.14 per cent, as compared with 23.48 per cent for 
fortnightly cuttings made in 1927 and 24.74 per cent for weekly 
cuttings made in 1925. 

Elleiiberger, Newlander, and Jones (^) secured from frequently 
clipped pasture plots (1925 and 1926) an average yield of 1,748 
pounds of dry matter per acre. The average composition of the 
clippings was : Crude protein, 20.30 per cent ; crude fiber, 18.69 per 
cent; crude ash, 11.68 per cent; nitrogen-free extract, 46.03 per cent; 


1 Received for publication May 4, 1932, issued March, 1933. 

2 McGollam, M- E., unpublished data. 

3 Reference is made by number (italic) to Literature Cited, p. 386. 


( 375 ) 


Journal of Agricultural Research) 
Washington, D. G. 


Vol. 46, No. 4 
Feb. 15, 1933 
Key No. Wash.-19 



376 


Journal of Agricultural Research 


Vol. 46, No. 4 


ether extract, 3.3 per cent; calcium, 0.816 per cent; and phosphorus, 
0.32 per cent. They concluded (2, p, 65) ‘‘the nutrients in closely 
grazed pasture more nearly resemble a concentrate than a roughage.” 

Hopper and Nesbitt (7) were able to maintain a high percentage 
of protein throughout the season in pure stands of bromegrass, 
slender wheatgrass, and crested wheatgrass, by cutting twice monthly. 

Shutt, Hamilton, and Selwyn {10) in 1927 obtained an average 
protein content of meadow foxtail {Alopecurus sp.) of 21.20 per cent 
(dry-matter basis) for plots cut weekly, 18.60 per cent for plots cut 
fortnightly, and 17.17 per cent for plots cut every three weeks. 
The seasonal yields of dry matter for cuttings at intervals of 1, 2, 
and 3 weeks were 2,918, 3,344, and 4,304 pounds, respectively. 

Archibald and Nelson {1) found that an application of complete- 
fertilizer followed by later applications of nitrogenous fertilizer on a 
rotationally grazed pasture decreased considerably the percentage of 
dry matter in the grass, and decreased slightly the percentage of 
crude fiber and calcium in the dry matter. The percentage of 
nitrogen, phosphorus, and ether extract was increased, the nitrogen 
markedly so. 

Greenhill (5) found that the average protein content of rotationally 
grazed pasture was increased from 22.6 per cent to 25.3 per cent by 
intensive fertilization with nitrogenous fertilizers. 

Enlow and Coleman (5, p. 852) concluded: “The protein content 
of pasture in a grazed condition can be increased and maintained 
at a somewhat higher level than ordinary by frequent light applica- 
tions of a nitrogen fertilizer.” 

METHOD 

The plots used in this experiment are located on a low-lying tract 
of valley land belonging to the Puget series (sandy loam). During 
the winter months the water table lies approximately 18 inches 
below the surface. Following periods of exceptionally heavy rains, 
however, the water table frequently comes to within a few inches of 
the surface for short periods. In the dry months of late summer, 
the water table falls to a depth in excess of 3 feet. The soil used 
in this experiment is typical of considerable areas of alluvial soil 
lying in the valleys of the Puget Sound Basin. While the soil is 
productive, crops are often limited in their growth by lack of moisture 
during the summer and fall months. 

The area had previously been in pasture for six years, and had 
received during that period, one or two light applications of barn- 
yard nianine. The latest manure application had been made during 
the winter of 1928-29. 

The land was plowed during the winter previous to seeding the 
plots. The area was disked and harrowed a number of times before 
the final preparation of the seed bed. After the ground had been 
thoroughly prepared, tw’-elve ^iw-^cre plots were staked out. Six 
of these plots received the following fertilizers: N, 45 pounds; 
P2O5, 87.5 pounds; and K 2 O, 100 poimds per acre. 

The carriers employed were sodium nitrate, superphosphate, 
(17.5 per cent P2O5), and potassium chloride. Hydrated lime 
(Ca(OH) 2 ) at the rate of 2,000 pounds per acre was also applied to 


^ The application of fertilizers and hydrated lime was made at rates suggested oy Henry Holtz, soils 
section, department of agronomy, State College of W ashington. 
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the plots receiving the fertilizer. The fertilizers applied just before 
the plots were seeded were worked into the topsoil with a hand rake. 

Two pasture crops (Italian ryegrass and white clover) seeded 
alone, and one mixture were used in this experinient. The mixture 
was the bottom-land mixture recommended for western Washington 
by McCollam {8 ) . This mixture was made up of grasses and clovers 
in the following proportions by weight: Italian ryegrass, 3; English 
ryegrass, 3; meadow fescue, 4; tall meadow oatgrass, 2; seaside bent 
grass, 3; common white clover, 4; red clover, 2; and alsike clover, 1. 
Duplicate .rio-^ore plots of each crop were seeded on both fertilized 
and unfertilized areas, between March 15 and 20, 1930. 

Rapid growth was made on each plot, and on May_12, a preliminary 
cutting of the Italian ryegrass and bottom-land mixture was made. 
The preliminary cutting of the white clover was made on May 19. 
A lawn mower was used throughout the season for cutting the plots. 
The cutting bar of the lawn mower was set to cut at a height of 1 }i 
inches. 

The j)reliminary cutting was discarded. Succeeding cuttings of 
the plots were made at regular intervals of 14 days. The green 
material from the duplicate -^Wo-^'^cre plots of each crop was combined 
at the time of cutting and thereafter was considered as the yield from 
one-hundredth of an acre. The regular biweekly cuttings were 
continued through December, 1930. Immediately after being cut, 
the fresh grass was weighed in the laboratoiy, to obtain the green 
weight, and thoroughly mixed. Duplicate 100-g'^ samples were then 
taken from each lot. These samples were put in muslin bags and 
dried ® until no further change in weight occurred. 

The average percentage of dry matter of the duplicate 100-g 
samples was taken as the percentage of dry matter for the entire 
sample. The remainder of the material from each cutting was also 
dried and preserved for analysis. One sample for analysis was 
obtained each month from each plot. This sample was prepared by 
thoroughly mixing ail the dry material from cuts made on one plot 
during one month. A portion of this material was then analyzed^ 

PRESENTATION OF DATA AND DISCUSSION OF RESULTS 

Table 1 shows that the year 1930 was unusually dry, the total 
rainfall being 9.33 inches less than the average for tlie previous 
10 years.® A fair amount of rain fell until June 7, but from that date 
until late September, the rainfall was far below normal. From June 8 
to September 26, a period of over three and one-half months, the 
total rainfall was only 1.05 inches. The rainfall was 0.84 inch and 
0.72 inch above normal in May and June, respectively, but that for 
July, August, and September was 0.50, 1.06, and 0,97 inches, 
respectively, below normal. On September 27 a heavy rain fell, 
and thereafter the rainfall was more abundant. Table 1 indicates that 
the precipitation for July, August, and September was very 
unfavorable to the growth of pasture grasses. 

5 g is the abbreviation for gram or grams recently adopted by the Style Manual for United States Govern- 
ment printing. ■ 

® The teinperature of drying was approximately 85° C. It was impossible with the oven used, to keep 
the temperature entirely uniform; the range was from 80° to 95°, 

7 The samples were analyzed by Clarence Kaseline in the laboratories of the di\’ision of cliemistrv of 
the agricultural experiment station. 

8 From the records obtained at the XT. S. Weather Bureau station located on the grounds of tlie Western 
Washington Station. 
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Table 1 also shows that the- temperature during the 1930 growing 
season, as compared with the average for the, previous 10-year period, 
was favorable to growth. The temperature during July, August, 
and September averaged higher than that during May and June. 
In spite of this fact, production decreased during July, iViigust, and 
September because of unfavorable moisture conditions. 

Table 1. — Rainfall and mean monthly temperatures for' 19S0, as compared ivith 
averages for the previous 10-year period, 1920-1929 

RAINFALL (INCHES) 



Janu- 

ary 

Feb- 

ru- 

ary 

March 

April 

May 

June 

July 

Au- 

gust 

Sep- 
tem- 
ber 1 

Octo- 

ber 

No- 

vem- 

ber 

De- 

cem- 

ber 

An- 

nual 

Average for j 

1920-1929 

1930 

5. 67 
2. 15 

3.38 

5.46 

3. 60 
2.97 

2.54 

2.22 

2. IS 
3.02 , 

1.06 
1.78 1 

0.50 

0 

1.20 

.14 

2.00 
1.03 1 

3. 68 
2. 43 

4.38 
3. 26 

5. 87 
2. 17 

35. 96 
26. 63 

Deviation in 
1930... 

-3. 52 

2. 08 

—.53 

-.32 

.84 

.72 

-.50 

-1.06 i 

i 

-.97 

j 

-1. 25 

-1,12 

-3. 70 

-9. 33 


MEAN MONTHLY TEMPERATURES (°F.) 


Average for 














1920-1929 

38.6 

40.8 

44.8 

48.6 

54.5 

60.1 

63. 6 

56.4 

51.8 

46. 3 

44.2 

39. 5 

45.3 

1930- 

29.0 

43.4 

46. 2 

51.8 

53.8 

59.0 

62.8 

64.8 

58.8 

48.8 

43.0 

39. 4 

50.1 

Deviation in 














1930 

-9.6 

2.6 

1.4 

3.2 

-.7 

-1.1 

-.8 

8.4 

7,0 

2.5 

-1.2 


4,8 


Table 2 shows that the highest yields of dry matter in all plots 
were obtained during June. Beginning late in June or early in 
July, there is a decrease in the production of all plots to the end of the 
year. There seems to be little difterence between the fertilized and 
the unfertilized plots in this respect, although the production of the 
fertilized plots was usually at a higher level. 

Table 2. — Yield of dry matter in pounds per acre, and gain or loss in yield per 
acre produced hy fertilizer treatment of Italian ryegrass, bottom-land mixture, 
and white clover cut at l^-^day intervals from fertilized and unfertilized plots 


Date of 
cutting 


May 26 

June 9 

June 23 

July 7. 

July 21 

Aug. 4 

Aug. IS. 

Sept, 1 

Sept. 15 

Sept. 29. 

Oct. 13.. 

Oct. 27 

Nov. 10 

Nov. 24- 

Dec. 8 

Dec. 22 

TotaL,. 


1 Italian ryegrass 

Bottom-land mi.vture 

White clover 

Ferti- 

Unfer- 

Gain or 

Ferti- 

Unfer- 

Gain or 

Date of 

Ferti- 

Unfer- 

G ain or 

lized 

tilized 

loss 

lized 

tilized 

loss 

cutting 

lized 

tilized 

loss 

1, 080. 6 

703.0 

377. 6 

1,093.1 

820. 3 

272.8 

June 2 

1, 218. 3 

789. 7 

428. 6 

1, 472. 6 

973. 8 

498.8 

1, 595. 7 

1,398.9 

196. 8 

June 16 

879. 0 

794.0 

85.0 

849.3 

677. 2 

172. 1 

1, 029. 5 

908. 0 

121. 5 

June 30 

1, 145. 3 

779. 3 

366. 0 

878. 6 

777.8 

100.8 

907.6 

899.7 

7.9 

July 14 

733. 0 

598. 1 

134.9 

674. 5 

775. 6 

-101. 1 

656. 8 

678.7 

-21. 9 

July 28 

629. 3 

570. 6 

58. 7 

542. 3 

359. 5 

182.8 

482.6 

374. 5 

108. 1 

Aug. 11 

666. 0 

566. 5 

99.5 

544. 0 

483.0 

61.0 

396.3 

310.7 

85.6 

Aug. 25 

411.7 

393.7 

18.0 

390.3 

281.5 

108.8 

294.2 

229.1 

65. 1 

Sept. 8 

304.2 

389. 3 

-85. 1 

385.0 

277.1 

107. 9 

216. 5 

226.6 

-10. 1 

Sept. 22 

330.7 

215. 2 

115. 5 

323.1 

187.8 

135.3 

239.6 

163. 5 

76.1 

Oct. 6 

158. 4 

140.4 

18.0 

250.0 

148. 6 

101.4 

218.7 

155. 2 

63.5 

Oct. 20 

128. 2 

77.4 

50. 8 

156.8 

144,3 

12.5 

169. 2 

131.4 

3/. 8 





124. 9 

134. 6 

-9.7 

154.0 

110.3 

43.7 





63. 0 

58. 9 

4.1 

71.2 

56.9 

14.3 





26,0 

22. S 

3.2 

32. 6 

19.9 

12.7 





57.8 

36.3 

21.5 

61.2 

38.7 

22.5 





7,818.8 

6,041.8 

1, 777. 0 

7, 618. 8 

6,522.4 

1, 096.4 


6,604.1 : 

5, 314. 2 

1,289.9 
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On the white-clover plots, although they were seeded to a pure 
stand, there was at all times a small percentage of grass present in the 
clippings. During the late spring and summer months this consisted 
to a large extent of annual bluegrass (Poaa7inua L.), but during the 
fall and winter months some velvet grass {liolcus lanatus L.) also 
invaded the clover plots. While the white clover was growing rapidly, 
the percentage of grass was small, but as the growth of the cloYer 
decreased, the grass became more and more apparent, until during 
November and December the samples from the plots consisted mostly 
of foreign species. For this reason, the data on white clover for 
November and December are not presented. 

The single fertilizer treatment applied early in the spring was not 
instrumental in maintaining a uniform production over the growing 
season. In fact, the high production obtained during the late spring 
months was still further increased by the fertilizer application. This 
was to be expected since the fertilizer application contained a con- 
siderable quantity of nitrogen. The fertilizer was instrumental in 
maintaining, with few exceptions, a somewdiat higher production than 
was obtained on the unfertilized plots. 

The percentages of dry matter of the different cuts are not presented 
in full, since it was often necessary to cut the plots 'when the grass was 
wet with rain or dew. For this reason, these data are not considered 
to represent exact values. The total dry weights for the season and 
the seasonal average percentages of dry matter are presented in 
Table 3. 


Table 3. — Total dry weights in, pounds per acre of, and average percentages of dry 
matter in, Italian ryegrass, hottoni'-land mixture, and white clover harvested from 
fertilized and unfertilized plots 


Treatment 

Italian ryegrass 

Bottom-land 

mixture 

White clover 

Dry 

weight 

Dry 

matter 

Dry 

1 weight 

Dry 

matter 

Dry 

weight 

Dry 

matter 

Fertilized - - - 

Pounds 

7. 818. 8 

6.041.8 

Per cent 
16.44 
16. 72 

Pounds \ 
7,618.8 
6, 522. 4 

Per cent 
16. 10 
15. 82 

Pounds 

6. 604. 1 

5. 314. 2 

Per cent 
13.23 
14.90 

Unfertilized 



The average percentage® (weighted average) of crude protein for 
the season as presented in Table 4 show^s that there has been no great 
increase in the protein content as a result of a single fertilizer applica- 
tion. The greatest increase for the season, 1.13 per cent, was obtaiBed 
in the white clover. The bottom-land mixture, on the other hand, 
showed an actual decrease of 1.05 per cent in protein content on the 
fertilized plot. It should be noted, however, that there is in all three 
crops, an increase in the percentage of protein on the fertilized plots for 
the first two or three months, indicating a possible influence of the 
nitrogen application. This suggests that frequent applications of 
nitrogenous fertilizers might result in a materially increased per- 
centage of protein. Enlow and Coleman (^) found this to be the 
case. ■ 


® Tlie average percentage for the season of crude protein, etc., was obtained by computing the production 
for each cutting and comparing the total for the season with the total yield of dry matter. 
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Table 4. — Percentage constitution on a dry-matter basis of Italian ryegrass, bottom - 
land mixture, and iiliite clover, harvested in different months from jertihzed, and. 
from unfertilized plots 

CRUDE PROTEIN 


Month 

1 Italian ryegrass 

Bottom-land 

mixture 

White clover 

Ferti- 

lized 

Unferti- 

lized 

Ferti- 1 
lized. 

1 

Unferti- 

lized 

Ferti- 

lized 

U nfertl- 
lized 


23. 62 

22. 50 

28. 58 

27. 12 



June . 

22. 98 

21. 62 

26. 06 

25. 62 

29. 01 

27. 00 

Juiv - - -- 

20. 56 

21. 47 

21. 98 

23. 75 

30. 36 

28. 81 

A ugust .. ---- . 

21. 47 

23. 03 

20. 98 

I 28. 95 

30. 20 

29. 74 

September .. _ 

26. 14 

26. 05 

25. 27 

1 26. 67 

28. 31 

30. 24 

October .. 

29. 50 

28. 43 

28. 55 

35. 36 

33. 98 

33. 04 

N nvpn") 

31.47 

31. 86 

30. 90 

25. 85 



nfippfnbpf* 

28.11 

30. 18 

29. 29 

30. 35 






Weighted average 

23. 42 

23. 17 

25. 23 

26. 28 

29. 63 

28. 50 






CRUDE FIBER 


May 

14.78 

14.36 

16. 26 

15, 94 



June - 

20.75 

18. 50 1 

19. 24 

18.79 

1.5.70 

14. 08 

July 

19. 70 

19.00 

17. 97 

18.19 

14.54 

14. 20 

August - 

20. 71 

18.69 

20. 00 

17. 14 

14.87 

14. 03 

September 

18. 46 

17.17 

18. 29 

15.86 

13.89 

13. 58 

October 

16.24 

15. 15 

15. 70 

14. 70 

12.93 

13. 82 

November . . 

15. 87 

15. 17 

15.91 

15.35 


Deoemher . . . . .. 

11.98 

12.36 

12. 26 

12.83 






Weighted average 

18.94 

17.68 

18. 18 

17. 52 

15. 03 

14. 03 



ETHER EXTRACT 


May 

June 

July 

August--., - 

September 

October--^. 

November----.. 

December 

Weighted average. 


3. 52 

3. 03 

2. 95 

2.80 



3.69 

3. 13 

3. 52 

3. 00 

3. 52 

3. 49 

3. 19 

3.52 

2.92 

3. 16 

3. 82 

3. 67 

3.70 

3.74 

2.86 

2.82 

3.15 

3. 69 

3.77 1 

3.73 

3.86 

4. 76 

7.48 

3. 77 

3 64 

4.85 

4,74 

4. 79 

5. 49 

4. 19 

5. 45 

4. 63 

5. 19 

4. 99 



5. 30 

5. 29 

5. 29 

4. 98 



3. 69 

3. 53 

3.40 

3.3L 

3. 99 

3. 63 


CRUDE ASH 


May ! 

11.02 

9,76 

13.30 

11.92 



June J 

13.00 

11.67 

13. 20 

12.39 

11.51 

10. 62 

July... 

13. 04 

12, 38 

12. 16 

12. 01 

10. 01 

9. 34 

.August 

13. 30 

12.92 

12.45 1 

11.88 ; 

9. 18 

8. 25 

September- 

15. 97 

14. 13 

13.53 

12. .53 

9. 14 

11. K) 

October.-.-. . 

14. 09 

13. 29 

12. 40 1 

12.45 

10. 14 

10. 55 

November, _, 

12. 57 

13. 39 

12. 10 ! 

12,48 



December 

9. 22 

16. 55 

9.30 

9.07 









Weighted average 

1 13. 2 /} 

12. 29 

12.83 

12.17 

10. 53 

9. 96 


NITROGEN-FREE EXTRACT 


May 

June-.------., 

July... 

xVugUSt. 

September.-.-. — 

October. 

November--- 

December 

Weighted average 


47.03 

50.35 

38.91 

42. 22 



39.58 

45.08 

37. 98 

40.20 

40. 26 

44.81 

43. 21 

43.63 

44.97 

42. 89 

41.27 

43, 98 

40.82 

41, 62 

43. 71 

39.21 

42. 60 

44.29 

35. 66 

38.92 

39. 05 

40. 18 

41. 18 

41. 31 

36,53 

38.28 

38.61 

32, 64 

37.46 

38,40 

34.64 

34.95 

35.90 

41. 33 



45. 39 

35. 62 

43. 86 

42,77 



40.75 

43. 33 

40.36 

40.72 

40,82 

43, 88 
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Table 4. — Percentage constitution on a dry-m.atier basis of Italian ryegrass, bottom-’ 
land -mixture, and white clover, harvested in different months from fertilized and 
from unfertilized plots — Continued 

CALCIUM 


Month 

Italian ryegrass 

Bottom-land 

mixture 

White clover 

Ferti- 

lized 

Unferti- 

lized 

Ferti- 

lized 

Unferti- 

lized 

Ferti- 

lized 

Unferti- 

lized 

Mav... 

0. 54 

0.41 

0.69 

0. 67 



•tune 

.62 

. 56 

.64 

.69 

1.32 

1. 06 

July 

.58 

. 59 

.58 

. 67 

1. 22 

1.13 

August 

. 57 

.63 

.54 

. 65 

1.02 

1.00 

September 

.65 

. 64 

.59 

. 63 

.96 

. 96 

October 

.64 

.50 

.51 

. 56 

.84 

. 76 

November * 

.60 

.46 

.44 

.42 



December. - 

.51 

.44 

.43 ! 

.34 










A verage for season 

. 596 

.561 

, 602 

. 655 

1. 194 

1. 040 


PHOSPHOROUS 


May 

0.54 

! 0. 47 

1 

0.55 

0. 65 



June - 

. 64 

57 

.63 

.60 

1 0. 68 

0. 63 

July - — 

.60 

1 . 60 

.51 

.52 

.49 

.50 

August-- - 

.61 

.58 

.51 i 

.51 

.47 

.48 

September - 

.63 

. 56 

.58 

.50 

.46 

.45 

October 

.65 

.60 

.54 i 

.60 

. 52 

.52 

November 

.69 

. 65 

.63 

.70 



December. - 

. 57 

.58 

.70 

.63 










Average for season — 

.612 i 

.569 

.570 

.569 

. 575 

. 548 


The increased percentage of protein found in the Italian lyegrass 
(and to a lesser degree in the bottom-land mixture) during the later 
months is probably due to a less advanced stage of maturity reached 
by these crops in the 14-day interval at this period of the year. 

Table 4 shows that there is in the Italian ryegrass and bottom-land 
mixture a considerable decrease in the percentage of crude fiber from 
August to December. This decrease is undoubtedly due to the fact 
that the grass, although cut at equal intervals throughout the season, 
was actually cut at a moi^e immature stage in the later months than 
in the months of rapid growth. The fact that the Italian ryegrass, 
during the period of iixpid growth, often showed seed heads before 
the end of the 14-day period, supports this view. 

The data show that there has been a rather consistent increase in 
the percentage of fiber in the fertilized crops over that in the unfer- 
tilized crops. A more advanced stage of maturity attained in the 
14-day period on the fertilized plots may be responsible for this. 

Taking the average for the whole season, there has been a slight 
increase in the ether extract content of the pastme crops as a result 
of the fertilizer treatment. (Table 4.) This increase is in no case 
large but is found in all three crops. (This is in agreement with the 
results obtained by Archibald and Nelson (f), who found an increase 
in the percentage of ether extract as a result of fertilization.) 

There are, however, a number of cases where the percentage of ether 
extract in the unfertihzed crops is greater than that in the fertilized 
crops. For this reason the comparatively insignificant increases for 
the season shown in Table 4 can not be considered conclusive. 

In all three crops, there is an increase in the percentage of ether 
extract as the season advances. 
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The figures in Ta.ble 4 show an, appreciable increase in the percent- 
age of crude ash on all fertilized plots for the season. These figures, 
however, represent the peiuentage of crude a.sh ratlier than silica,-lj’ee 
ash. 

The percentages of nitrogen-free extract of the ditferent crops are 
presented in Table 4 only for comparison. While appreciable differ- 
ences exist between the fertihzed and unfertilized crops, these differ- 
ences are not considered significant, since the data were secuind by 
subtraction. ■ ^ ^ 

Table 4 indicates that no significant changes in calciiiin content 
have occurred as a result of the fertilizer treatment except in the 
white clover during June and July. The greatest difference lies t)e- 
tween the different ci’ops i‘ather than in seasonal differences in a 
single crop, the white clover having a decidedly higher calcium con- 
tent than the Italian ryegrass. The bottom-land mixture ranks be- 
tween the other two grasses in calcium content, showing the effect of 
the clover in the mixture. 

There is a decided drop in the calcium content of the white clover 
during the fall months, and the bottom-land mixture shows a similar 
decline. While this is apparently a seasonal change in the calcium 
content of the crop, it is probably due, at least in part, to the gradual 
decrease in the proportion of clover on these plots, and the resulting 
increase in the proportion of grass (by invasion on the clover plots). 
From the data shown it would seem that the percentage of calcium 
could be increased most readily by increasing the percentage of clover 
in a pasture crop. 

An indication as to the amount of total calcium contained in soil of 
the type used in this experiment is found in the work of Holtz (6) in 
1930. Holtz found an average of 1.855 per cent total calcium in the 
soils of the Puget series. Two samples of Puget sandy loam obtained 
from the western Washington station average 2.21 per cent total 
calcium. 

The percentage of phosphorus recovered in the pasture cuttings, 
under the conditions of the experiment, seems to be even less affected 
than the percentage of calcium by fertilizer applications or seasonal 
changes in production. While variations occur between different cut- 
tings, significant differences are not apparent, either l)etween fertilized 
and unfertilized plots, or between ditferent crops. If any difference 
exists it is shown in the white clover and bottom-hind mixture by the 
slight lowering of the phosphorus content during the dry suiiimer 
months. The percentages of phosphorus, however, ure in all cases 
comparativesly high, as a comparison with the results obtained by 
other investigators will show. The percentages of phosphorus foim'd 
in pasture grass by various investigators are: 

Investigator Percentage of phosphorus 

Archibald and Nelson (jf) 0.28 to 0.33. 

Ellenberger, Newlander, and Jones (;^) 0.32 average. 

Forbes, AAhittier, and Collison 0.168 to 0.349 (1908-1909). 

Rigg and Askew {9) (from pastures giving 0.39 to 0.56 (0.90 to 1.29 P2O5) . 
good results with livestock). 

Woodman, Bee, and Griffith (I /) (dried-grass 0.39 to 0.43 (0.90 to 1,00 P20fi). 
cakes) . 

Woodman and Evans (13) (mineral-deficient 0.09 to 0.11 (0.21 to 0.27 Pg Os), 
forage). 

Western Washington Station^ 0.45 to 0.70. 
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Holtz {6) found that soils of the Puget series averaged 0.0285 per 
cent available phosphorus. Two samples of Puget sandy loam from 
the western Washington station averaged 0.0444 per cent available 
phosphorus. This high percentage of available phosphorus probably 
accounts for the high percentage of phosphorus found in the crops 
studied , and the failure of the phosphorus application to increase the 
percentage of phosphorus in the herbage. 

The figures showing the quantities of phosphorus per acre recovered 
from the different plots are quite striking. These figures are presented 
in Table 5. 


Table 5. — Phosphorus (pounds per acre) found in Italian ryegrass, bottom-land 
mixture, and white clover, from fertilized and unfertilized plots, as compared with 
the quantity applied in fertilizer 


Crop 

Treatment 

Yield of 
dry mat- 
ter, per 
acre 

Phos- i 
phorus 
in dry ' 
matter 

Phos- 
phorus 
contained 
in crops 

Phos- 
phorus 
per acre 
applied in 
fertilizer 

Phos- 
phorus 
(as PaOs) 
contained 
in crops 

Italian ryegrass 

r Fertilized 

1 Unfertilized 

Pounds 

7,818.8 

Per cent 1 
0.612 ' 

Pounds 
47. 88 

Pounds 

38.23 

Pounds 
109. 59 

6.041.8 

7. 618. 8 
6,522.4 
6, 604. 1 

.569 

34. 41 


78. 76 

Bottom-land mixture 

fFertilized - 

lUnfertilized 

.570 

.569 

43. 45 
37. 14 

38. 23 

99. 45 
85. 01 

White clover 

f Fertilized 

\Un fertilized-- 

.575 

37. 97 

38. 23 

86. 91 

5, 314. 2 

.548 

29. 14 


66. 07 


On the fertilized plots (except the white clover) more phosphorus 
was taken from the soil than was applied to the soil in the fertilizer. 
Even on the unfertilized plots, the phosphorus taken up by the crop 
was equivalent to a heavy application of phosphate fertilizer. While 
under actual pasture conditions a certain amount of phosphoinis is 
returned to the soil in the manure, it is evident that under conditions 
of heavy yield, the pasture crop makes a heavy drain on the phosphorus 
resources of the soil. 

The figures in Table 6 show the influence of clover on the calciuin- 
phosphorus ratio. Under tlie conditions of the experiment, the pres- 
ence or absence of clover has apparently had a much greater in- 
fluence on the relative amounts of calcium and phosphorus in the dry 
matter than had the fertilizer treatment. 


Table 6 . — Calcium-phosphorus ratios oj dry mailer of pasture crops cut at 14-'day 
ip tervals from ferPiUzed and from unfertilized plots 


Treatment 

Italian 

ryegrass 

Bottom- 
land mix- 
ture 

White 

clover 

Fertilized---, i 

1:1.014 

1:1.026 

1:0.94 

i:,.86i 

1:0. 48 
1: .52 

U nfertilized - ; - 



The data in Table 7 show that the yield of crude protein on dhe 
fertilized plots was generally higher than the yield on the imfertilized 
plots. This increase was due, however, largely to the increased yield 
of dry matter on the fertilized plots rather than to an increased 
percentage of protein in the dry matter. The largest increase in the 
percentage of protein dxie to fertilization (1,13 per cent in the white 
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clover) is comparatively insignificant. It is evident, therefore, that 
the increase in the yield of dry matter as a result of a fertilizer applica- 
tion, is a more important factor than an increase in the protein content. 
This is especially true since the nutritive ratio of immature grass is 
already comparatively narrow, as shown by the work of Woodman, 
Blunt, and Stewart (12) and Ellenberger, Newlander, and Jones (2), 

Table 7. — Yield of crude protein in pounds per acre, and gain or loss in yield, 
produced hy fertilizer treatment of Italian ryegrass, bottom-land mixture, and 
ivhite clover cut at l^-day intervals f rom fertilized and unfertilized plots 


Date of cut- 
ting 

Italian ryegrass 

Bottom-land mixture 

White clover 

Ferti- 

lized 

Unferti- 

lized 

Gain or 
loss 

Ferti- 

lized 

Unferti- 

lized 

Gain or 
loss 

Date of 
cutting 

Ferti- 

ilized 

Unferti- 

ilized 

Gain or 
loss 

May 26 

June 9 

June 23 

July 7 

July 21 

Aug. 4 

Aug. 18 

Sept. 1 

Sept. 15 

Sept. 29 

Oct. 13- 

Oct. 27 

255. 23 
338. 40 
195. 16 
180. 64 
138. 67 
116. 43 
116. 79 
102. 02 
100. 63 
84. 45 
73. 75 
46. 25 
39. 30 
19. 82 
7. 30 
16. 24 

158. 17 
210. ,53 
146. 41 
166. 99 
166. 52 
82. 79 
111.23 
73. 33 
72. 18 
48.92 
42. 24 
41. 02 
42.88 
IS. 76 
6. 88 
10. 95 

97. 06 
127. 87 
48. 75 
13. 65 
-27. 85 
33. 64 

5. .56 
28. 69 
28. 45 
3,5.53 
31.51 
5.23 
-3. .58 
1. 06 
.42 
5. 29 

312. 40 
415. 83 
268. 28 
199. 49 
144. 36 
101. 24 
83. 14 
74. 34 
54. 70 
60. 54 
62. 43 
48. 30 
47. 58 
22.00 
9. .54 
17.92 

222. 46 
35S. 39 
232. 62 
213.67 
161. 19 
108. 41 
89. 94 
61. 10 
60. 43 
43. 60 
54. 87 
46. 46 
28. 51 
14. 70 
6.03 
11. 74 

89. 94 
57. 44 
35. 66 

-14. 18 
-16. 83 
-7. 17 
—6. SO 
13. 24 
-5. 73 

16. 94 
7. 56 
1.84 

19. 07 
7.30 
3.51 

June 2 
June 16 
June 30 
July 14 
July 28 
Aug. 11 
Aug. 25 
Sept. 8 
Sept. 22 
Oct. 6 ‘ 
Oct. 20 

353. 42 
254. 99 
332. 25 
222. 53 
191. 05 
201. 13 
124. 33 
86. 11 
93. 62 
63. 82 
43. 56 

213. 21 

214. 38 
210. 41 
172. 31 
164.38 
168.47 
117.08 
117. 72 

65. 07 
46. 38 
25. 57 

140. 21 
40. 61 
121.84 
50. 22 
26. 67 
32. 66 
7. 25 
-31. 61 
28. 55 
7. .14 
17. 99 

Nov. 10 





Nov. 24 





Dec. 8 





Dec. 22 

6. 18 





Total - 





1, 831. OS 

1,399. 80 

431. 28 

1, 922. 09 

1, 714. 12 

207.97 


1, 956. 81 

1, 514. 98 

441.83 


In comparing the quantity of nitrogen actually applied on the 
fertilized plots with the excess of nitrogen (over the unfertilized crops) 
recovered in the dry matter of the fertilized crops (Table 8), it is 
interesting to note that in the Italian ryegrass and white clover, the 
amount of this excess nitrogen is actually much greater than the 
amount of nitrogen applied in the fertilizer. 


Table S.~Excess nitrogen (pounds per acre) in Italian ryegrass, holtoni-land mixture, 
and white clover, from fertilized plots, (over unfertilized plots) as compared with the 
quantity applied in f ertilizer 


Italian ryegrass 

Bottom-land mixtiire- 
White clover 


Excess 


Crop 


Excess 
protein 
(over un- 
fertilized 
crops) 
contained 
in fer- 
tilized 
crops 


Excess 
nitrogen 
(over un- 
fertilized 
crops) 
contained 
in fer- 
tilized 
crops 


Nitrogen 
applied 
per acre 


nitrogen 
contained 
! in fer- 
tilized 
crop 

(over un- 
fertilized 
crop) 
expressed 
as per- 
centage 
of ni- 
trogen 
applied 
as fer- 
tilizer 


431. 28 
207. 97 
441. 83 


69. 00 
33. 27 
70. 69 


4,5 

45 

45 


153 . 33 
73. 93 
157. 09 
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SUMMARY 

Studies oil the yield of Italian ryegrass, bottom-land mixture, and 
white clover during the 1930 sea, son made by cutting plots of these 
crops at regular intervals of 14 days, show that a period of heavy 
production during May and June \vas followed by a constant drop in 
the production for the remainder of the season. 

The total yields of dry matter in pounds per acre for the season of 
the difl'erent crops are as follows: Italian ryegrass, fertilized, 7,818.8; 
imfertilized, 6,041.8; bottom-land mixture, fertilized, 7,618.8; unfer- 
tilized 6,522.4; and white clover, fertilized 6,604.1 ; unfertilized 5,314.2. 

The percentages of crude protein for the season of the different 
crops are: Italian ryegrass, fertilized, 23.42; unfertilized, 23.17; 
bottom-land inixture, fertilized, 25.23, unfertilized, 26.28; and W'hite 
clover, fertilized, 29.63, unfertilized 28.50. 

The yields of dry matter and crude protein are, with few exceptions, 
higher through the season in the fertilized crops. 

A high percentage of crude protein is maintained throughout the 
season by cutting pasture crops at 14-day intervals. The percentage 
of crude protein shows a tendency to increase during the fall months. 
This is believed to be due to greater immaturity of the crop at the 
time of cutting. 

Under the conditions of low rainfall occurring in 1930 the presence 
or absence of clover exerts a gi^eater influence on the protein content 
than does a single application of fertilizer made at the beginning of the 
season. 

The fiber content of the fertilized crops is consistently higher than 
that of the imfertilized crops. 

The increase in the yield of protein as a result of the fertilizer treat- 
ment is 431.28 pounds per acre for the Italian ryegrass, 207.97 pounds 
for the bottom-land mixture, and 441.83 pounds for the white clover. 
The use of fertilizer containing 45 pounds of nitrogen per acre resulted in 
an increased recovery of nitrogen, amounting to 69.00, 33.27, and 70.69 
pounds for the Italian ryegrass, bottom-land inixture, and white 
clover, respectively. As compared with the nitrogen applied, the 
increases in nitrogen recovery resulting from the fertilizer application 
amount to 153.33, 73,93, and 157.09 per cent, respectively, for the 
three crops. 

The percentage of ether extract and crude ash are higher in the 
fertilized crops than in the unfertilized crops. The percentage of ether 
extract shows a considerable tendency to increase dining the fall 
months. 

No marked changes in calcium content occur as a result of the 
fertilizer treatment. The clover contains by far the highest percent- 
age of calcium, while the bottom-land mixture is intermediate between 
Italian ryegrass and white clover in this' respect. Clover appears to 
be a more important factor in determining calcium content of a forage 
crop than does the fertilizer. 

The calcium-phosphoms ratio appears to be influenced by the 
presence or absence of clover. The influence of the fertilizer on the 
calcium-phosphorus ratio is insignificant.^ The recovery of phos- 
phorus in high-yielding pasture crops is equivalent to a heavy applica- 
tion of phosphate fertilizer. 



386 


Journal oj Agricultural Research voi. 46 , No, 4, Feb. 15, 1933 


Under the conditions of the experiment, the increase in the yield 
of dry matter is found to be a more important result of the fertilizer 
treatment than is any increase in the percentage of protein, calcium, 
or phosphorus. 
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COMPOSITION OF RHUBARB AT DIFFERENT STAGES OF 
MATURITY IN RELATION TO ITS USE IN COOKING 
AND CANNING 1 

By Chables W. Culpepper, ^ Physiologist, and Hubert H. Moon, Junior Pomol- 
^ogist, Division of Horticultural Crops and Diseases, Bwean of Plant Industry, 
U-nited States Department of Agriculture 


REVIEW OF LITERATURE 


There is considerable literature dealing with, the composition of 
different portions of the rhubarb plant. Much of this concerns the 
chemistry of the root and the isolation and identification of the constit- 
uents responsible for its therapeutic effects. In the present investi- 
gatioix the composition of the root is of interest because limited quan- 
tities of the therapeutically active substances may be present in the 
petioles and practically all the food constituents of the petiole occur 
to some extent in the root. The literature on the root is summarized 
in the standard text books of pharmacology, but particular mention 
may be made of the work of Tutin and Clewer (32)'^ who identified 
many of the constituents of the root and cleared up much of the con- 
fusion in the terminology of this subject. Of special importance also 
is the work of Muller (22) j who has isolated certain substances occur- 
ring in the root. 

Because of the possibiLty that oxalic acid may occur in quantities 
large enough to be toxic, considerable work has been done on the nature 
and amounts of the organic acids of the rhubarb plant and on the tox- 
icity of the oxalic acid as well as that of different parts of the plant 
itself. The results of these investigations (I, 2, 3, 3, 10, 16, 19, 21, 
23, 24, 27, 28, 31) show that malic acid predominates in the petiole 
and that citric acid and oxalic acid occur in much smaller quantities. 
The total acidity appears to range from 1 to 2 per cent. It is also 
shown that generally there is not sufficient oxalic acid in the petioles, 
or leafstalks, to cause harmful effects if they alone are eaten, but most 
investigators consider it unsafe to eat the leaves when cooked in the 
same way as spinach or other greens. 

From the reports of several investigators {5, 7, SO) on the food con- 
stituents of rhubarb, it is evident that the food value is rathei low and 
that the constituents vary considerably. 

Several investigators have given attention to the ash constituents 
of rhubarb. From the work of Sherman {30) it appears that with the 
exception of potassium the mineral constituents are low. 

The vitamin content of rhubarb has been studied by Pierson and 
Butcher {26) and by Hessler and Williams {15). Their papers are of 
interest in the present investigation because they deal to some extent 
with the methods of preparation and preservation. 

1 Received for publication May 3, 1932; issued April, 1933. . . . 

2 Tbe material used, in this investigation in 1928 was kindly furnished by n. N. Shoemaker, of the Division 
of Horticultural Crops and Diseases. 

3 Reference is made by number (italic) to Literature Cited, p. 400. 
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Cruess (9) states that rhubarb when canned has an intensely corro- 
sire action upon the tin container and causes swelling and sometimes 
even perforations. The reports of other investigators (5", 17, 18, 29) 
show a lack of agreement, which may be partly due to differences in 
the material used. 

OBJECT OF THE INVESTIGATION 

Investigators have found considerable variation in the composition 
of rliubarb, in its properties when cooked, and in its behavior when 
canned. The main object of the present investigation was to deter- 
mine tlie effect of age on the coinposition of rhubarb and the relation 
of its composition to its suitability for cooking and canning. It was 
thought advisable to determine also whether seasonal conditions affect 
its composition. The practical canning and cooking tests were ac- 
companied by a study of the biochemistry of the development of the 
rhubarb petiole and leaf blade and its relation to seasonal conditions. 
The results of this phase of the investigation are reported in detail 
elsewhere {10). 

SOURCE OF MATERIAL 

The material used in the canning and cooking tests in 1926 and 
1927 was purchased in the market at Washington, D. C. The appear- 
ance of the material indicated that it was all of the same variety, 
either Victoria or a strain closely resembling it. The material was 
fresh and at a stage of maturity typical of that generally offered for 
sale in the markets. The leafstalks were 15 to 18 inches long and 
weighed 60 to 80 g each. 

The material used in 1928 was grown in the test plots at the Arling- 
ton Experiment Farm, Rosslyn, Va. The variety was Ruby, a seed- 
ling of Victoria {Rheum hybridum Murr.), introduced by the Central 
Experimental Farm, Ottawa, Canada, in 1923 {20). This vaiiety was 
recommended because of the freedom of its leafstalks from stringiness 
and extreme acidity. The leafstalks are not particularly large but 
are very numerous and generally contain more than the usual quantity 
of the red anthocyan pigment in the epidermis. The divisions were 
obtained from 2-year-old crowns grown in the immediate vicinity of 
the present planting, which was made in the spring of 1927, the 
method used being that ordinarily employed in propagating rhubarb. 
All the chemical anatyses reported in this paper were made upon the 
material grown on the Arlington Experiment rarm in 1928. 

SOIL AND CULTURE 

The soil on wliich the rhubarb was grown was a moderately fertile 
loam to which had been added generous quantities of well-rotted, 
manure. In the fall of 1927 the plants were mulched with barnyard 
manure, but in 1928 no fertilizer or manure was applied until after 
the last samples were taken for analysis. The plants were given 
frequent hoeing throughout the year to remove w-eeds. 

METHODS OF SAMPLING AND ANALYSIS 

Four series of samples of known age wmre secured in the season of 
1928. The leaves were just beginning to make their appearance 
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aboveground on April 10. On April 21 the petioles were 2 to 4 inches 
long and the leaves in many cases had not completely unfolded. On 
this date a large number of petioles were marked by means of tags, 
so that leaves of knowri age could be collected at any time desired. 
Six collections made at intervals of 7 to 12 days and extending up to 
June 15 constitute the first series. While this series was being taken 
the plot was gone over at intervals of 3 to 6 days and the new leaves 
were tagged as the petioles became 2 to 4 inches long; this treatment 
was continued to October 9. The leaves tagged in" April were con- 
sidered to be about 10 days old; those tagged in June and July about 5 
days old. The liigher temperatures of June and July caused more 
rapid development, so that samples of a given age taken in June or 
July were at a somewhat later stage of growth than those of like age 
taken in April or May. ^ From the various lots of tagged leaves, three 
later series, each consisting of petioles 5 to 60 days old, were collected 
on June 5, July 6, and October 17, respectively. Broken or injured 
leaves were always discarded. The leaves were picked by pulling 
them from the crown, as is customary in harvesting rhubarb. The 
material for analysis was collected about 10 a. in., and 15 to 25 leaves 
were used to obtain each chemical sample. Thin cross sections were 
cut from near the middle of the petioles, and from these petioles 100-g 
samples were weighed out; enough 95 per cent alcohol was added to 
bring the concentration up to 75 to 80 per cent. The material was 
brought to boiling and sealed. For total nitrogen determinations 
similar samples were dried in a vacuum oven at 70° to 75° C. 

The preserved samples were extracted with alcohol and made up to 
volume. Alictuot portions of these were used for the various determina- 
tions. The acid was titrated with N/10 NaOH and calculated 
as malic acid. The sugars were determined by the volumetric per- 
manganate method recommended by the Association of Official Agri- 
cultural Chemists (J). The acid-hydrolyzable pol 3 ^saccharides were 
determined upon the residue after extraction with alcohol. Total 
nitrogen was determined by the Kjeldahl method as modified to in- 
clude nitrate nitrogen. Nitrate nitrogen was determined by the 
ferroiis chloride method as recommended in the Methods of the 
Association of Official Agricultural Chemists (J) for nitrates in meats. 
The total astringency wuis determined by the Proctor-Loew^enthal 
method (2S). 

ANALYTICAL RESULTS 

The first series differed from the others in that the successive 
samples maldng it up wnre taken at 10-day to 12-day intervals over 
a period of 55 days, hence under environmental conditions that 
differed from sample to sample. Later, all the samples constituting 
a series were taken at one time, and hence had been subjected to 
identical conditions. Allowing for these differences, the general 
course of chemical change during development was, broadly speaking, 
the same in the four series, as is indicated by the similarity of the 
curves showm in Figures 1 to 6 and by the data given in Table 1. 
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Table 1. — The composition of rhubarb petioles at different stages of development 
expressed in percentage of fresh green weight 

SERIES A 


Date of sampling 

Age 

Ijength 

of 

petiole 

Total 

solids 

Solids 

soluble 

in 

alcohol 

Solids 
insol- 
uble ic 
alcohol 

Total 

sugars 

Acid- 

hydro- 

lyzable 

poly- 

sae- 

cha- 

rides 

AcitLs 

Tan- 

nins 

Ni- 

t;rate 

nitro- 

gen 

A mi no 
nitro- 
gen 

J\)tal 

nitro- 

gen 




Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 


Da mi 

Inches 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

.-\pnl 21 

10 

2- 4 

5.21 

2. 96 

2. 25 

0. 65 

0. 55 

0.999 ‘ 

0.096 

0. 014 

0. 045 

0. 211 

May n 

24 

10-12 i 

4.80 

2. 44 

2.36 

.30 

.53 

.948 1 

.058 1 

. 030 

.029 

. 203 

Mav 19 

38 

12-14 

5.71 

2. SO 

2.91 

.42 

.67 

.884 

.086 

.067 

.027 

. 178 

May 26 

45 

. 14-18 

5.87 

2. 90 

2. 97 

.60 

.68 

1.000 

. 109 

. 065 

i .036 

. 155 

June 5 

55 

14-18 

5.81 

2.96 

2.85 

.67 

.58 

.818 

. 073 

.077 

.024 

.127 

June 15 

65 

14-18 

6. 52 

2.96 

3. 56 

.66 

.70 

.749 

.110 

. 100 

.020 

.130 


SERIES B 


5 

3- 4 

5. 33 

2.84 ‘ 

2.49 

0. 40 

0. 54 

l.OSO 1 

0. 122 

0.024 

0. 043 

0. 198 

8 

! 6-10 

4.83 

2. 60 

‘2. ‘23 

.39 

.48 

! 1.110 

. 109 

.029 

.045 

.160 

11 

10-12 

4. 60 

2. 48 ; 

2. 12 

.33 

.46 

l.OSO 

.127 

.030 

.055 

.136 

15 1 

12-14 

4. 84 

2. 72 

2. 12 

.39 

.47 

1.110 

. 096 

.032 

.040 

. 142 

19 i 

14-16 

4. 56 

2.56 

2.00 

.29 

.42 

1.070 

. 088 

.035 

. 039 

. 149 

25 1 

16-18 

5. 25 

2. 96 

2. 28 

.52 

.45 

1.085 

. 091 

.038 

. 030 

.127 

32 I 

18-21 ' 

5.81 1 

3.16 

2.65 

.60 

.58 

, 1. 140 

.087 

.044 

. 030 

. 134 

40 i 

18-21 

6. 17 

3.37 

2.80 

.90 

. 72 

1. 160 

. 079 

.056 

.026 

.130 

55 i 

14-18 

5.81 

2. 96 

2. 85 

,67 

iss 

i .818 

t 

. 073 

.077 

.024 

.127 


SERIES C 


f 5 

4-16 

6.57 

3.44 

3.13 

0. 40 

0. 76 

1.520 

0.16S 

0. 017 

0. 071 

0. 267 

9 

10-12 

6.45 

3.44 

3.01 

.50 

.79 

1.580 

.153 1 

.022 

.068 

.228 

1 13 

12-16 

6. 15 

3. 20 

2.95 

.60 

.77 

1.380 

. 123 

.026 

. 057 

.197 

1 28 

■ 18-24 

7. 19 

3. 60 

3. 59 

1.05 

.84 

1. 320 

.201 

.027 

. 043 

. 149 

42 

20-28 

7.43 

3.48 

3.95 : 

.91 

.78 

1. 150 

. 162 

.053 

.038 

.148 

1 60 

20-28 

6.82 

3.96 

3.86 

. 56 

.75 

.781 

.265 

.073 

.010 

.121 


SERIES T> 



I 

i 

f 8 

9-14 

6.29 

3. 56 

2.73 

1.04 

0.63 

1. 560 1 

0.111 

0. 023 

0.070 

0. 201 



12 

14-18 

t 6. 35 

3. 44 

2. 91 

1. 04 

.64 

1.430 i 

.114 

. 026 

.070 

.186 

October 17.. J 


24 

16-20 

7.22 

3. 76 

3.46 

1. 14 

.74 

1.300 

.110 

. 026 

.050 

.180 



40 

16-20 1 

7.23 

3.84 

3. 39 

1.05 

. 72 

1,280 

.116 

. 030 

.041 

. 159 



i 60 

16-20 

i 

5.64 

2.52 

3.12 

.58 

167 

.934 

• . 100 

. 045 

.039 

. 132 


SOLIDS 

Table 1 shows the results of analyses expressed in percentages of the 
fresh green weight. A high moisture content for all the samples is 
shown by the low percentages of total solids, although these varied 
somewhat with the season in which the samples were taken. Early 
ill the season the solids were below 5 per cent in some samples, whereas 
later in the season they were above 7 per cent in some samples. 
The curves for the total dry matter in the four series of samples 
(fig. 1) show that the total solids were generally lower in the series 
taken in April and June than in the series taken in July and October. 
The weather records show that the samples taken in Aprit and May 
grew under conditions of shorter days, and hence with less sunshine 
and with a lower temperature. The relative intensity of the photo- 
synthetic activity may account for some of the differences in the four 
series. Since the samples were taken in July and October after several 
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days in which no rain fell it might be assumed that the soil moisture 
had a considerable effect. These data indicate that a high per- 
centage of solids may be expected in plants grown xmder conditions of 
low or medium soil moisture, high temperature, and long hours of 
sunshine. 

The data in Table 1 show also that the percentage of solids varied 
somewhat with age. Very young petioles, 3 to 4 inches long, had a 
medium percentage of solids; this decreased during the next few days, 
then increased, and finally, with one exception, decreased in the very 
old samples. The petioles seem to have been at about their lowest in 
solids at the time they were picked for market, or a little earlier. 



AG£- //V DAY'S 


Figure 1.— Changes in total solids of rhubarb petioles with increase in age: Series collected April 
21 to June 15; B, series collected June 5; C, series collected July 6; D, series collected October 17 

About half the total solids were soluble and half insoluble in alcohoL 
Both soluble and insoluble solids were higher in the series taken in 
April and May. Insoluble solids varied with age, being lowest in the 
young samples and highest in the old ones. The soluble solids increased 
with age or remained nearly constant. 

SUGARS 

The total sugars were very low and showed no very significant 
change with age. However, the series taken on July 6 and on 
October 17 were slightly higher in sugars than those taken earlier. 
Figure 2 shows the curves for total sugars. 
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ACID-HYDROLYZABLE POLYSACCHARIDES 

The acid-l\Ydro]yzable polysaccharides were also very low. The 
material in these samples gave a negative iodine test for starcli. 
Differences due to age are not very significant. 



ACIDS 


One of the chief characteristics of rhubarb as a food material is its 
high acidity. In the Anariety studied, which is considered conipara- 
tiyely low or medium in acidity, the acid content calculated as malic 
acid on the fresh green-weight basis may be as high as 1.5 per cent. 
The high acid content, together vdth the very low sugar content, 
makes this variety' extremely tart. Except in very old "samples, the 
acidity is considerably higher in the series taken in July and October 
than in the series taken in April and May. The climatic conditions 
favorable to high acidity seem to be long hours of intense siinsliine, 
medium or low rainfall, and high temperature. Ehubarb is often 
said to vary greatly in acidity. In many cases this may be due to 
varietal differences, but the present study shows that it may also be 
due to differences in stage of maturity or climatic conditions. The 
tendency already noted of the titraiable acidity to decrease with 
age is_ not yeiy noticeable until after the rhubarb has passed the 
stage in which it is in prime condition for table use. In .very old 
samples the decrease is very marked. It is apparent from Figure 3 
that the acidity may remain nearly constant during most of the 
period in which the material is in prime condition for table use. 



Mar. 1, 1933 


Coiwposition of Rhubarb for CooJcing and Canning 393 



AGE' /A/ OAyS 


riGiTKE 3. — Changes in titratable acidity of rhubarb petioles with increase in age: A, Series 
collected April 21 to June 15; B, sene.s collected June 5; C, series collected July 6; D, series col- 
lected October 17 

TOTAL NITROGEN 


The total nitrogen in rliubarb is decidedly low, as it is in many 
fruits. The nitrogen content of the samples analyzed varied from 
0.267 to 0.121 per cent. (Table 1.) If these percentages are multi- 
plied by 6.25, the factor used for computing* the percentage of protein, 



lected October 17 

it will be apparent that the protein content of rhubarb is often less 
than 1 per cent. The total nitrogen, highest in the young samples, 
decreases rapidly as the petiole develops and more slowly in the older 
stages. (Fig. 4.) 
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NITRATE NITROGEN 

Ciiaiiges in tlie content of nitrate nitrogen are of particular interest. 
Table 1 shows that in certain cases a high percentage of the total 
nitrogen is in the form of nitrates. The nitrate nitrogen was lowest 
in the young samples and increased steadily throughout the life of 
the leaf. (Fig. 5.) In one sample 77 per cent of the total nitrogen 
of the old petioles was in the form of nitrates. It may be mferred 
that the presence of such a high percentage of nitrate is significant 
as a factor in the corrosion of the metal of the tin container. 



The series of samples taken in October was lower in nitrate nitrogen 
than those taken earlier. ^ It seems probable that this was due to the 
reduction of available nitrates in the soil as the season advanced 
and that the variations in the different series were directly related 
to variations in the available nitrates in the soil. It would therefore 
be expected that soil conditions and fertilizer treatment would very 
materially affect the amount of nitrate nitrogen. 

AMINO NITROGEN 

In many cases a considerable portion of the total nitrogen is 
amino nitrogen. It was highest in the young material and decreased 
as the petiole grew older. Figure 6 shows the results for the four 
series of samples. 

TANNINS 

Khubarb contains a small percentage of astringent substances, or 
tannins, and it is probable that these are partly responsible for its 
characteristic flavor. It is not clear just what factors caused the 
variations of the tannin content of the samples shown in Table 1. 
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age: //V DArs 

Figure G.—Clianges in amino nitrogen content of rhubarb petioles with increase in age: A, Series 
collected April 21 to June 15; B, series collected June 5; C, series collected July 6; D, series col- 
lected October 17 


COOKING TESTS 

MATERIAL AND METHODS 

Rhubarb is commonly used early in the spring, but cooking tests 
indicate that it may be used at any time throughout the season. In 
view of the variations in composition as shown by the chemical 
analyses, some difference in quality from time to time should be 
expected. The material may be used at any age up to about 30 
days when development occurs in the very hottest part of the season, 
or up to 50 days when development occurs in the cooler part of the 
season. It becomes somewhat stringy at a much earlier stage in the 
middle of the summer than in the early spring. 

From the standpoint of yield it is not advantageous to harvest 
when the petioles are only 3 to 4 inches long. The present practice 
of picking the leaves when the petioles have almost reached their 
maximum length seems to be about the best procedure. Rhubarb 
has very nearly maximum moisture content at this stage, yet the 
difference from earlier stages is not great and may not be very im- 
portant. 

In making the cooking tests some samples were taken in wdiich the 
petioles were 10 days old and 3 to 4 inches long and, for comparison, 
other samples were taken that were 10, 18, 30, and 40 days older than 
the first. The petioles were cut into pieces one-half inch long, placed 
in a kettle with a small amount of cold water, and allowed to boil for 
10 minutes. Then 30 per cent by weight of sugar was added and the 
material was stirred until the sugar was dissolved. In these tests 
the very young samples were considered superior to aU others. They 
seemed slightly milder and of better consistency than any of the older 
ones. There seemed to be very little difference between sarnples that 
were taken 18 days and 30 days after the first samples, indicating 
that the quality remains nearly constant for a considerable time after 
the petiole ceases its rapid rate of growth. The older samples seemed 
somewhat more fibrous and less desirable than those taken 18 days 
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after tlie first samples. The increase in alcohol-insoluble residue 
shown by the analytical results indicates that the fiber increases; 
this is in accordance with the cooking tests. 

PECTIN CONTENT 

When cooked, rhubarb softens and becomes a viscous, semiliquid, 
colloidal mass. When tested for starch the result was negative. 
When strained through cheesecloth the liquid gave a voluininous 
precipitate with alcohol. A precipitate was also formed with calcium 
h^^droxide. When treated with ammonia and then neutralized, an 
almost insoluble precipitate was formed. When the very young 
sample was ground and the juice pressed out without heating, a 
precipitate was formed with alcohol; but the juice of the older petioles 
gave very little precipitate when so treated. These tests indicate 
that there is considerable material of the pectin group in the petiole 
of the rhubarb plant. A large part seems to be protopectin; pectin 
and pectic acid are probably present also. While pectin was not 
determined quantitatively, the difference between the precipitates 
with alcohol indicated that the protopectin decreased greatly as the 
petiole became older. 

ADJUSTMENT OF THE SUGAR-ACID RATIO AND THE CONSISTENCY 

The low sugar content and the high acid content of rhuliarb make 
it necessary to add sugar in order to obtain an agreeal)le taste. The 
acidity is sometimes so high that the material is improved by soaking 
in warm water for a short time or in cold water for a long time. For 
the same reason, partial neutralization is sometimes recoinmended; a 
milder product is thus obtained, which will require less sugar to 
sweeten properly. The acid content, which has been shown to vary 
considerably with the season, will influence the quantity of sugar that 
must be added. In these tests, the addition of 30 to 40 per cent of 
sugar to material having an acid content of 1 per cent made a sauce 
agreeable to the writers. Of course, individuals vary greatly in their 
preference as to sweetness. However, the winters concluded that a 
sugar ratio of about 1:3 is agreeable to most individuals. 

Despite the pectin content the moisture content of rhubarb is so 
high that in making pies it is usually found desirable to add flour or 
cornstarch to give the material the proper consistency. 

CANNING TESTS 

In 1926 and 1927^camimg tests were made with rhubarb purchased 
in the market at Washington, D, C. In 1928 the rhubarb used was 
grown on the Arlington Experiment Farm, as described earlier in this 
paper. The age of the material in 1926 and 1927 was not known, but 
it appeared to be in prime condition for table use. In 1928 the rhu- 
barb collected was 20 to 30 days old. The material was brought to 
the laboratory, trimmed, washed, cut into pieces one-half inch long, 
and packed in both tin and glass containers as follows: 

(1} The pieces were packed tightly in cans or jars, and water was added to fill 
the interspaces; the containers were then exhausted three minutes in steam at 
100° C. and sealed. 

(2) The treatment wnis the same as in 1 except that 60 per cent sirup was 
added instead of water. 

(3) The treatment was the same as in 1 except that no exhaust was given. 
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(4) The treatment was the same as in 1, except that 60 per cent sirup was 
added instead of water and no exhaust was given. 

(5) The pieces were steamed for five minutes at 100° C. and while hot were 
pressed tightly into the cans without the addition of either sugar or water. 

(6) The treatment was the same as in 5, except that 40 per cent by weight of 
sugar was added to the hot material and stirred until dissolved. 

Some of tlie rliubarb receiving each treatment w^as packed in 
weighed No. 2 cans of three types, namely, plain tin, single-enamel 
coke-plate, ancl reenaineled charcoal-plate cans. Additional lots of 
rhubarb receiving treatments 1 and 3 were packed in No. 3 plain tin 
and single-enamel coke-plate cans. Additional lots receiving treat- 
ments 1, 5, and 6 were packed in quart glass jars. 

The cans were processed at 100"^ C. for 15 minutes and then stored 
for one year. The tin cans were weighed before thej^ were packed 
with the material and again when they were opened and examined. 
Large quantities of yellowish crystals or incrustations that had formed 
in the can during storage frequently adhered tenaciously. This made 
the method inaccurate for measuring the total amount of corrosion. 
It was obvious, however, from the differences in the weight of the 
cans at the beginning and at the end of the test, that unusually large 
amounts of tin and iron were dissolved from the cans by the material 
packed in them. 

When examined one year after storage the quality of the rhubarb 
in the glass jars was very nearly equal to that of rhubarb prepared 
immediately from fresh material. 

All the plain tin cans processed without exhaust (treatments 3 and 
4) were perceptibly swelled; some were flippers (slightly swelled), and 
others were swelled tightly as a result of hydrogen formation. The 
gas had no foul odor and burned violently when ignited, indicating 
that it was hydrogen. The cans were severely corroded and fre- 
quently weighed 0.5 to 1 g less than when the material was placed 
in them. The tin coating seemed to have been entirely removed 
from the iron, which appeared dark in color and in many cases was 
partly covered with adhering crystals or a yellowish incrustation 
that could not be readily removed by vr ashing. The rhubarb ap- 
peared nearly normal, except that it was light brown in color and 
dull in appearance as compared with that canned in glass, and had 
a rather disagreeable, metallic taste. It was on the whole an unsat- 
isfactory product. None of the cans were perforated. 

The plain tin cans which were sealed hot (treatments 1, 2, 5, and 
6) were freciuently slightly swelled, but in many cases -were entirely 
normal in appearance. The tin seemed to have been enthely removed 
from the interior of the can and it appeared almost as severely cor- 
roded as the unexhausted cans. None of the cans had become perfo- 
rated. The contents of the cans, in every wa^r similar to those of 
the unexhausted cans, were still distinctly acid, having a pH value of 
3.52 to 4.0 (0.0001 to 0.0003 N). Since the iron was apparently ex- 
posed, the corrosion might be expected to proceed at a rapid rate; 
however, it was apparent that the action at the end of one year was 
very much slowed down if not entirely stopped. This was believed 
to be due to the formation of protective fihns or incrustations on the 
surface of the iron. Yellowish coatings, which probably consisted of 
crystalline or colloidal iron oxalate, were frequently observed. 
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All the siiigle-eiiaiiiel cans showed less ga,s forma, tioii tlnm the plain 
tin cans and were frequently normal in appearance. They were 
severely corroded and in every can considerable areas of the enaiiiel 
were so completely loosened that they flaked away when the contents 
of the can were emptied. From the areas on which theenainel had 
loosened it appeared that the tin was also completely removed. It 
seemed that the tin was dissolved away or oxidized underneath the 
enamel, which promptly fell off when the can was emptied. Fre- 
quently large areas of the iron appeared exposed. 

The principal difference between the exhausted and nonexha us ted 
enameled cans was in the number of swelled cans. The difference in 
the intensity of the corrosive action was not very marked. 

The reenameled cans were much less corroded than the single- 
enamel cans. However, they had many small areas from which "the 
enamel and the tin had been removed. There were no tightly swelled 
cans, and only a few flippers in the unexhausted lots. The material 
in the reenameled cans was of fair quality but distinctly less pleasing 
than that canned in glass. It had a slightly bitter taste, probably 
due to some reaction with the enamel or to the presence of iron or 
tin salts of the organic acids present. 

The cans treated by the addition of a sugar sirup instead of water 
were slightly less corroded, but the differences were not very pro- 
nounced. ^ The yellowish coating previously mentioned was "some- 
times quite apparent in these lots. 

The cans packed without the addition of water (treatments 5 and 
6) were similar to those from the corresponding lots with water added. 
The corrosion was more intense but not as great as would have been 
expected as a consequence of the larger quantity of material in these 
cans. 

The results differed somewhat in the three years. The material 
purchased in the market at Washington, D. C.‘, seemed to act upon 
the cans more severely than did the variety grown on the Arlington 
Experiment Farm. 

The question arises as to what constituents are responsible for this 
severe corrosive action on the can. The results in general point very 
definitely to the presence of two constituents: (1) Oxalic acid or its 
salts, accompanied by high total acidity due chiefly to nuilic acid, and 
(2) nitrates. 

Clough and Clark {8) conclude that corrosion is due to the oxygen 
content of the porous stems of the rhubarb, eloslyn (17) sta tes ‘ that 
the coiTosiye action is due to the oxygen content and not to the high 
acidity. From certain tests made by Kohman (18), he concludc'ss 
that the substance responsible ^hs not oxygen but a substance that 
behaves like oxygen.^ De Fouw (f^) states that nitrates are the 
only salts that appreciably affect the rate of corrosion of tin by organic 
acids. Culpepper and Moon (11) have shown that the corrosion of 
tin cans filled with solutions of organic acids is tremendously increased 
by the presence of nitrates. Under certain conditions the action 
foi'naation of appreciable amounts of gas. Serger 
finds that in canned meats nitrates may cause corrosion of the 
tin container. Culpepper and Moon (13) have shown that oxalic 
more corrosive than other organic acids. Although very 
little 11 ee oxalic acid is present in the petioles, it occurs as the acid 
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potassium salt. Whether the potassium salt would corrode the can 
in a similar manner is not known. Serger {29) attributes the corrosive 
action of rhubarb to its oxalic acid content. In the tests here reported 
the formation of yellowish crystals and a yellowish coating suggests 
that iron oxalate is one of the products formed. The content of 
oxalic acid or its salts in rhubarb petioles has been shown by various 
workers to vary from 0.1 to 0.7 per cent. Culpepper and Moon {12) 
estimated that there was 6 per cent of air by volume in one sample 
of rhubarb. The gas content is less than this in the young material 
and greater than this in the old material. Even in the unexhausted 
cans this would not be sufficient to account for the amount of corrosion 
that is apparent. 

The anal37^_tical results of the present investigation indicate that 
there is at times as high as 0.1 per cent of nitrate nitrogen in the 
material. A No. 3 can containing 530 g of rhubarb would contain 
0.53 g of nitrate nitrogen, or 3.7 g of potassium nitrate. In cases 
where there is 0.03 per cent of nitrate nitrogen, which is frequently 
the case at the stage at which rhubarb is canned, there would be 1.1 g 
of potassium nitrate. This amount is more than ample to account 
for the action of the material on the can, especially an acid material 
like rhubarb. Culpepper and Moon {13) found that oxalic acid in a 
concentration of 0.5 per cent caused swelling in one lot of plain tin 
cans. Therefore it would be expected that if oxalic acid alone were 
responsible the cans would become tightly swelled. In the tests of 
Kohman {18) the gas formed was not sufficient to swell the can. In 
the present tests the cans were seldom swelled. The work of Clough 
and Clark (<?) and Kohman {18) shows that the substance responsible 
for the swelling is highly soluble in water, which is true of most salts 
of nitric acid. The behavior in general indicates that nitrate nitrogen, 
occurring as a constituent in the material, is an important cause of 
corrosion in canned rhubarb. 

The analytical results have shown that there is considerable varia- 
tion in the nitrate content of rhubarb at different ages and in different 
seasons- Since soils under different cultural practices may contain 
various amounts of nitrate nitrogen and since the amount in the soil 
affects the amount in the plant, one must conclude that the nitrate 
content of the material used by different workers is subject to wide 
variation. Inasmuch as the oxalic acid also varies it seems reason- 
able to suppose that these variations may account for some of the 
differences in the results of canning tests b}^ difi'erent workers. 

SUMMARY 

A study has been made of the chemical changes that occur in the 
petioles of rhubarb with increasing age and changing seasonal condi- 
tions. It has been shown that these changes influence the cooking 
and canning quality of the material. 

It w^as found that the total solids did not vary greatly with age. 
They were high in the very young petioles, decreased for several days 
when the petioles were elongating most rapidly, increased slightly 
during the period of maximum photosynthetic activity, and finally 
decreased sornewffiat in the very old material. Marked difthrences 
wm'6 noted in the samples taken at different seasons. The series 
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taken in July and October were higher in solids than the series taken 
in Aprilj May, and June. 

The titrata.ble acidity did not vary greatly with age imtil the 
petioles were very old, when a marked decrease was noted. There 
was a very inarkeel difference in the acidity of sjunples taken at differ- 
ent periods of the season. Acidity was high in the series taken in 
July and October and low in the series taken in April, M ay, and Jiine. 

Khubarb is very low in sugars and acid-hydrolyzable polysaccha- 
rides and variations in the amounts of these constituents are not 
particularly significant. 

The total nitrogen was highest in the young material and decreased 
somewhat with age. The amino nitrogen likewise decreased with 
age. The nitrate nitrogen increased greatly as the age of the material 
increased. These variations were influenced considerably by seasonal 
conditions. 

Qualitative tests indicate that there are present in the rhubarb 
petiole pectinlike substances that have considerable influence upon 
the cooking c|uality of the material. These substances seem to be 
largely protopectin. 

The low carbohydrate content, the high acid content, and the high 
moisture content are responsible for many of the charactei'istics of 
the material as a food product and explain much of its behavior in 
cooking. 

Rhubarb wRen packed in plain tin cans had a very severe corrosive 
action upon the metals of the container. The presence of the result- 
ing metallic compounds had a very pronounced detrimental effect 
upon the taste and appearance of the material. A high-grade re- 
enameled tin can greatly lessened the amount of corrosion and caused 
a corresponding improvement in the flavor of the material. 

Probably one very important factor in the corrosion is the presence 
of nitrates. Oxalic acid, accompanied by a high malic acid content, 
is also thought to be of much importance. The variation due to the 
age of the material and the seasonal conditions in the amount of 
nitrates present suggests that differences in the nitrate content may 
be the cause of the differences in the results obtained by different 
workers. 

The results of the present investigation indicate that rhubarb may 
be used either for cooking or canning at any time during tlie gi'owing 
season if care is taken to select petioles at the proper stage of maturity . 
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PROGRESSIVE CHANGES IN THE CUTICLE OF APPLES 
DURING GROWTH AND STORAGE^ 


By K. S. Markley, Associate Biochemist, Division of Horticultural Crops and 
Diseases, Bureau of Plant Industry, and Charles E. Sando, Senior Biochemist, 
Food Research Division, Bureau of Chemistry and Soils, United States Depart- 
ment of Agricidture ^ 

INTRODUCTION 

In a previous paper (10) ^ on the surface covering of apples the 
work was confined largely to a study of the progressive changes in 
the waxlike constituents of apples grown on the Arlington Experiment 
Farm,^ Rosslyn, Va. It seemed desirable to extend the study to 
varieties of apples grown in two dissimilar apple regions, namely, 
the Wenatchee Valley, Wash., and the Finger Lake district of New 
York, and to include also quantitative cutin determinations. The 
results of this work are embodied in the present paper. 

EXPERIMENTAL MATERIAL 

The fruit used in this investigation was of the same lot as that 
described elsewhere (11). Samples of fruit were collected about 55 
days after the trees had bloomed and also about the time of picking 
maturity. A portion of the fruit collected about the time of picking 
maturity was placed in storage for subsequent work. These samples 
are referred to, respectively, as early, mature, and storage. Fruit 
representing the early and the mature stages was sampled at labora- 
tories in the vicinity of the orchards from which it was collected. 
Material representing the mature and the storage stages of Wash- 
ington State fruit was picked about a week or 10 days prior to coni- 
luercial harvesting. The fruit to be stored was packed in boxes with 
untreated wrappers, sliipped under initial ice from Peshastin, Wash., 
to Philadelphia, and then by express to Washington, D. C. The 
corresponding samples of New York fruit were picked at commercial 
harvesting time, packed in lined bushel baskets, and shipped by 
express to Washington, D. C. Both lots of fruit were placed in the 
same cold-storage room and kept at 32^ F. until removed for analysis. 

METHODS OF ANALYSIS 

PREPARATION OP SAMPLES AND DETERMINATION OP ETHER-SOLUBLE 
CONSTITUENTS 

The method of sampling and preparation was the same as that 
described previously (10), which briefly is as follows: From the shady 
side of 75 apples, disks were removed with the aid of a standardized 
cork borer and immersed for 24 hours in dilute hydrochloric acid. 
The cuticle was separated from most of the flesh by means of tweezers, 
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wtislied witli distilled water^ ^and dried over sulpliiiric acid. Tlie 
total etlier extract, ursolic acid, and oil,y fraction were determined 
according t=o the .methods which ha:Ve been described in detail. ^ In 
the precious paper it was stated that the oily fraction con.sisted mainly 
of the hydroca.rboii triacoiitane together with the alcohol heptacosa.aol 
and siiiall quantities of plastid pigments and other impurities. It 
has since been shown by Chibnall and his coworkers (1) as well as 
by the writers (9) that the hydrocarbon is nuionacosane and the 
alcohol 1 0-iioiiacosaiiol. 

DETERMINATION OF CUTIN 

After the reiiioTal of the ether and alcohol soluble constituents 
from the crude cuticle disks, the residue consisted primarily^ of ciitin ^ 
admixed with relatively small amounts of impurities derived from 
the eelliilar walls and cell contents of adhering epidermal and siib- 
epiderma] tissues. The presence of such impurities is evidenced from 
the fact that Rome Beauty cuticle extracted with ether and alcohol 
and air-dried gave on analysis the following results: Nitrogen, 0.63 
per cent (equivalent to per cent crude protein) ; pentosans 
(KroberA method), 5. SO per cent; and cellulose, 3.87 per cent. Pectin 
was present but not quantitatively deterinined. The presence of 
lignin could not be shown by the microchemicai phlorogiucinol- 
hydrochloric acid test. The quantitative deterniination of cutin in 
the presence of these impurities has, in the experience of the writers, 
been found practically impossible. Even the removal of the ini- 
piirities in order to determine the cutin residually presented a difficult 
problem. 

Kchiig and his co workers (4, 5) , in a study of the chemical com- 
ponents of cellular membranes, particularly the crude-fiber fraction, 
removed the soluble iinpurities by treatment of the plant tissues 
with 2 per cent sulpluiric acid in glycerin. After this treatment the 
residual crude fiber, wliich consisted of lignin, cellulose, and cutin, 
was further treated witli ammoniacal hydrogen peroxide to oxidize 
the lignin, and with ciiprammonium solution to remove the cellulose. 
The residue was considered to be cutin. Another method used by 
Konig (d) consisted in the removal of the cellulose by treatment 
with 72 per cent sulphuric acid, which was supposed to leave the 
lignin and cutin imattacked. The lignin in the insoluble portion 
was oxidized with ammoniacal hydrogen peroxide and the residue 
weighed as cutin. . 

xis the above-inentioned methods were not considered adaptable 
in their entirety to the material at hand, a considerable number of 
preliminary experiments were made in an attempt to improve them. 
It was found that treatment with hot dilute acid and alkali, although 
not drastic enough to affect the cutin, materially reduced the non- 
cellulosie iiiipurities. For example, Rome Beauty cuticle, previously 

» A immlier of investigators have shown that the apple has a firm, thick cutiele which is structureless 
aD<i covers the epidermis as a continuous layer except for lenticular o|>enmgs. , If the cuticle is separated 
from adjacent tissues and then extracted with -ether, it .may be separated into two main portions, the ether- 
soluble fraeiion or waxiike coating consisting of a mixture of normal paraffin hydrocarbons, primary and 
secondary alcohols, and ursolic* add, and the ether-insoluble portion,., which is recognized by many .and 
often referreri to as cutin. Knowledge of the chemical .nature of the cutin of apples is rather meager, al- 
though certain analogies in composition. may. be -drawn from- the investigations of Fremy (I), Fremy and 
Lrbai.n (.:?), \ an V .isselingh (13) ^ Sot.thoff- pf), Le-e (7), and, Legg and Wheeler (S), who made, studies 
on cutin froin other sources. As a result of this work it may be concluded that cutin consists of an esterlike 
substance wliicli cm Siiponifieation yields a number of incompletely identified solid and seiniliquid acids. 
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extracted witli etlier and alcohol, lost 16.34 per cent impurities when 
refluxed 30 iiiiiiiites with 0.2 per cent aqueous potash, followed by 
30 miiiiites, refliixmg with 1.25 per cent sulphuric acid. Comparable 
samples, treated in the same manner, except for allowing the samples 
to stand overnight in contact with cold aqueous alkali, lost 1.^90 
per cent in weight. In the latter case, hotvever, the crude cellulose 
content was slightly higher, which indicated that a portion of the 
iiiiattacked impurities remained with the cellulose. That nearly all 
the impurities were removed in the hot alkali and acid treatments 
was shown by the fact that the oven-dried cutin-cellulose residue 
contained but 0.1 per cent ash, 0.45 per cent nitrogen, and 1.53 per 
cent pentosans. Moreover, some of these impurities were associated 
with the cellulose, as was subsequently determined. 

After removal of most of the impurities by hot alkali and acid 
digestion, treatment of the eiitin-cellulose portion with 72 per cent 
sulphuric acid to remove the cellulose gave a slimy, partly carbonized 
residue amounting to 47.54 per cent. According to Konig this residue 
should represent cutin and lignin, although it is apparent that the 
percentage is much too low because of the partial decomposition of the 
cutin by siilphiiric acid. Similar cutin-cellulose samples treated with 
cuprammoniiim reagent to remove the cellulose gave cutin residues 
equivalent to 95.75 and 96.23 per cent. In viexx of the wide divergence 
in the results of the tw’o methods, neither could be accepted. From 
the standpoint of accuracy, the cuprammoniiim method is undoubt- 
edly to be preferred, but it is tedious and lengthy in operation. 

It has been known for a long time (£) that cutin is saponified com- 
pletely with alcoholic potash, and it wms thought that the cutin might 
be quantitatively separated from the cellulose b}' this means. It 
was found that saponification for three hours with 3 per cent alcoholic 
potash gave results quite comparable with the cuprammoniiim 
method. For example, triplicate determinations on samples of Rome 
Beauty cutin-cellulose residues comparable with those used previously 
gave 95.3, 95.6, and 95.2 per cent cutin by difierence. The crude 
cellulose residue obtained after saponification of the cutin with 3 
per cent alcoholic potash gave on analysis 0.1 per cent ash, 0.9 per 
cent nitrogen (equivalent to 5.62 per cent protein); and 5.16 per cent 
pentosans. Incidentally the results of the above experiments seem 
to indicate that the cellulose exists chemically uncombined with the 
cutin rather than as a definite chemical entity, termed ciitocellulose 
by earlier wwkers. 

Based on preliminary w^'ork, part of wdiich is described above, the 
following empirical method for the determination of the cutin present 
in apple cuticle wurs devised and applied throughout the series of 
experiments herein reported. After extraction of the ciiticular disks 
with ether and alcohol each sample wms transferred to a 500-ml 
Eiienmeyer flask fitted with a ground-glass-joint condenser, refluxed 
for 30 minutes with 100 ml of 0.2 per cent aqueous potash, filtered 
through a 35-inl No. 3 Jena-glass crucible with fritted bottom, 
thoToiighh- washed with boiling water, and finally dried enough to 
permit eas}^ removal of the residue from the crucible. The residue 
wuis returned to the original flask, refluxed for 30 minutes with 1.25 
per cent sulphuric acid, filtered through the same crucible as before, 
and thoroughly washed with hot water and alcohol. The alkali and 
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acid treated material was then dried at 110° C. and cooled in a desicca- 
tor over siilphuric acid. The weighed^ cntin-celliilose residue was 
reiiioTed from the crucible and saponified by refluxing for three 
lioiirs with 100 ml of 3 per cent alcoholic potash. The ;insoluble 
celliilosic material was separated by filtration from the hot^lic[uid and 
washed mitli hot alcohol and water, after which it "was dried to con- 
stant weight at 110° C. It was then cooled and weighed. The 
difterence in the two weigliings represents the weight of cutin 
saponified. 


Table 1 . — Progressive changes in the elher-soluhle surface constituents and cutin 
from the shady side of apples from Washington during maturation and in storage 


1 

. 


Alini- 1 
mum 


Constituents per 100,000 mm^ of 
surface area 

Oily or 
petro- 

A'arieiy and stage of ! 
growth 1 

j 

.Date of sam- 
pling 

Age 
from 
bloom- 
ing 1 

and 
niaxi- 
muin 
diame- 
ters 
of ap- 
ples 
used 

Total 
area of 
75 disks 

Ursolic 

acid 

Oily or 
petro- 
leum 
ether 
soluble 
fraction 

Total 
ether e.x.- 
tract 

Cutin 

leum 
ether 
soluble 
fraction 
in total 
ether 
extract 

FALL VAIilETIES 

Xleintosb : 


Dfu/ts* 

Mm 

MnO 

Mff 

Mff 

Mff 

Mff 

Per cent 

Early 

June 28,1929 

5.5 

36-48 

29, 21 S 

398. 7 

137. 9 

536. 6 

663. 5 

25. 7 

-Mature 

Sept. 4. 1929 

123 

64-77 

27, 901 

463.8 

200. 4 

670.2 

803. 2 

30.8 

Sione’e 

Jan. 3, 1930 

244 

66-76 

27,911 

51.5. 6 

289. 1 

804.7 

950.0 

35.9 

IVagp.ner: 









Early.,-.. 

June .30. 1929 

57 

43-52 

2S, 8S7 

379.1 

199.7 

578. 8 

822. 6 

34.5 

Mature 

Sept. 17. 1929 

136 

70-S6 

27, 7S0 

382. 3 

294. 5 

676. 8 

924. 0 

43.5 

Storage 

Jan. 3, 1930 

244 

69-SS 

27, 762 

422. 1 

300.8 

722,9 

1, 085. 6 

41. 6 

.Delicious; 










Early 

June 27,1920 

,54 

35-4} 

28, 664 

497. 2 

217. 0 

714. 2 

931.2 

30. 4 

IMature.. 

Sept. 25, 1929 

144 

63~S1 

27, 902 

549. 8 

296. 4 

846. 2 

1,217.5 

35.0 

Storage 

Ahir. .5,1930 

305 

66-81 

27, S84 

612. 1 

529. 7 

1, 141. 8 

1,257,2 

46. 4 

Grimes Golden; 

.Early « 

June 28.1929 

. 5.5 

33-41 

29, 503 

:m. 8 

213. 2 

608.0 

907.9 

35. 1 

Mature, 

Sept. 4,192*1 

123 

63-77 

27, 898 

445.8 

386. 7 

832. 5 

1, 447. 2 

46. 5 

Storage 

Jan. 17, 19;i0 

2.58 

63-79 

27, 541 

576. 6 

513. 8 

1,090.4 

1, 6;32. 8 

47. 1 

L\TE VARJETiES 

Koine Beauty: 










..Early 

June 26,1929 

.53 

33-42 

30,077 

377. 1 

162. 9 

540. 0 

687. 6 

30. 2 

Mature ^ 

Oct. 3, 1929 

152 

68-SS 

97 777 

536.4 

328. 0 

864. 4 

1,107.9 

37. 9 

Storage 

; Feb. 12, 1930 i 

284 

69-89 

27, 7S1 

62:i. 5 

3S1.6 

1,005.1 

1, 206. 4 

38,0 

Ben Davis: i 










Early 

; June 28, 1929 

5.5 

35-45 

29, 750 

440.9 

196. H 

637. 2 

841. 2 

30. 8 

Xiatiire 

; Sept. 27, 1929 ! 

1 146 

63-84 

27, 846 

494. 5 

302. 3 

796.8 ! 

S5S. 2 i 

37. 9 

.Storage ' 

i Feb. 18, 1930 1 

299 

67-S2 1 

27,842 

623. 6 

367. 4 ^ 

091. 0 1 

938. 8 

37. 1 

Arkansas Black: 










Early ® 

June 29, 1929 

1 ■ 56 

.35-44 I 

29,429 

,500.9 ! 

192. 6 

693. 5 1 

972.8 

27.8 

Afature 

! Oct. 8, 1929 

1 157 

67-77 

; 27,876 

681. 5 

44,9. 8 

1, 131. :i 1 

1, 295. :i 

:i9.8 

Storage-.- 

i A,rar. 5, 1930 

! 305 

TO- So 

27,796 

836.2 

554. 8 

1,391.0 ! 

1, 346. 6 

39. 9 

York Imperial; 







1 

.Early 

June 29, 1929 

j 56 

38-42 

00 os 

363. 9 

189. 3 

553. 2 i 

892. 1 

34.2 

.XIature 

1 Oct. 4,1929 

1 153 

70-80 

547. 0 

370.2 

917. 2 ; 

1, 181. 7 

40.4 

Storage..-— 

i Feb. 25, 1030 

i -297 

67-77 

27,854 

548. 2 

412.8 

961. 0 

1,185.2 

43. 0 

Sf ay man Winesap; 









Early 

June 26, 1929 ■ 

{ 53 

35-42 

24*, 776 

497.7 

193. 4 

691. 1 

1,041.6 

28. 0 

XIature 

Sept. 28, 1929 

152 

66-S7 

27,813 

.535. 6 

j 3S1.1 

916.7 

1,416. 1 

41.6 

Storage 

Mar. 13,1930 

313 

69-81 

27,805 

601.2 

446. 3 

1, 047. 5 

1,481.8 

42.6 

tVirif^sap: 








.Early 

June 27,1929 

54 

33-38 

30,342 

491.1 

175.3 

666.4 

923. 9 

26.3 

Mature 

i Oet. 7, 1929 

156 

63-75 

27,976 

531. 1 

391.7 

922.8 

1,473.2 

42.4 

Storage 

j Mm. .20, 1930 

Z2Q 

64-73 

27, 970 

599. 2 

490. 5 

1, 089. 7 

1, 467. 9 

45.0 

XortlKTii Spy: 

XIature...,.,--- . 

i 

I.Sept. 5,193 

124 

6,3-SO 

28, 254 

349.6 

278.2 

627.8 

972. 5 

44. 3 

Storage 

1 Feb. 12, 1930 ■ 

^4 

67-81 

27,854 

409. 3 

348. 2 

757. 5 

1,119.5 

46.0 

£si tfuis Spitzeiibiirg; 








Earlv 

i June 27,1929 

- 54 

;46-43 

29,629 

415. 1 

176.9 

592.0 

898. 1 

29.9 

IMaturr, - 

Sept. .26, 1929 

145 

66-78 

27,861 

595.1 

479. 8 

1, 074. 9 

1, 415. 5 

44.6 

Stopige 

! Jan-,' 17,1930 

,258, 

67-77. 

27,877 

6)66.5 

505.7 

■1, 172. 2 

1,370.8 

43.1 

Yelluiv X'ewtijwn: 
Early 

! June 30,1929 

57 

38-47 

29,350 

367.3 

194. 9 

.562. 2 

920.2 

34. 7 

XIature » 

i Oct.- 4„1929 

153 

66-84 

.27,845. 

401. 1 

379,6 

780.7 

1,047.1 

48.6 

Storage 

; Apr. 17, , 19:10 

34S 

66-83 

27,854 

456.7 

■452.3 

909. 0 

1,055.8 

49.8 


a ,:Mixed sample; no difference discernible between shady and sunny sides of same fruit, 
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Table 2. '—Progressive changes in the ether-soluble surface constituents and ciitm 
from the shady side of apyles from Neio York during maturation and in storage 


Variety and stage of 
gro\vth 

Date of sam- 
pling 

Age 

from 

bloom- 

ing 

Mini- 
mum 
and 
maxi- 
mum 
diam- 
eters 
of ap- 
ples 
used 

Total 
area of 
75 disks 

Constituents per 100,000 nim- of 
surface area 

Oily or 
petro- 
leum 
ether 
soluble 
fraction 
in total 
ether 
extract 

Ursolic 

acid 

Oily or 
petro- 
leum 
ether 
soluble 
fraction 

1 

Total 

ether 

extract 

Cut in 

FALL VAKIETIES 











Alclntosh: 



Days 

Mm 

Mm- 

Mg 

Mg 

Mg 

Mg 

Per cent 

Early 

July 

6, 1929 

52 

31-41 

29, 386 

337. 9 

143. 3 

48i.2 

596. 5 

29. S 

Alature 

Sept. 

24, 1929 

132 

56-68 

28. 129 

493.1 

251. 7 

744. 8 

S73. 1 

33. 8 

Storage 

Jan. 

3, 1930 

233 

57-68 

28, 129 

578.8 

289.7 

868. 5 

980. 3 

33. 4 

Wagener: 











Early. 

July 

6, 1929 

52 

31-38 

29, 993 

361.4 

168. 4 

529. 8 

679 . 8 

31.8 

Mature.. 

Oct. 

10, 1929 

148 

53-70 

28, 227 

503. 1 

353. 6 

856. 7 

799.3 

41.3 

Storage 

Jan. 

3, 1930 

233 

58-70 

28, 100 

565. 5 ' 

381. 2 

946. 7 

1, 076. 8 

40. 3 

Delicious: 











Early 

July 

8, 1929 

52 

30-38 

30, 820 

410.7 

226.7 

637. 4 

738. 6 

35. 6 

Mature. 

Oct. 

14, 1929 

150 

49-61 

28, 400 

617.6 

491.2 

1,108.8 

1,011.9 

44 3 

Storage 

Mar. 

5, 1930 

292 

51-67 

28, 223 

637. 4 

517. 3 

1,154.7 

1, 121. 8 

44.8 

Grimes Golden: 











Earlj^ 

July 

10, 1929 

55 

26-36 

32, 286 

397. 0 

232. 6 

629. 6 

S71.2 

36. 9 

Mature 

Sept. 

30, 1929 

137 

50-59 

28, 472 

466. 7 

455. 9 

922. 6 

1. 426. 6 

49.4 

Storage 

Dee, 

17, 1929 

215 

50-01 

28, 450 

599. 3 

477. 0 

1,076.3 

1, 663. 0 

44.2 

LATE VAP.IETIES 











Rome Beauty: 











Early 

July 

12, 1929 

53 

30-40 

30, 667 

375. 0 

191. 1 

566. 1 

733.1 

33. 8 

Alature 

Oct. 

18, 1929 

151 

51-67 

28, 201 

531. S 

353. 1 

SS4. 9 

1,091.1 

39. 9 

Storage 

Eeb. 

12, 1930 

26S 

62-76 

27, 941 

579. 8 

407. 0 

987. 4 


41.3 

Ben Davis: 











Early 

July 

10, 1929 

54 

28-40 

:J1,016 1 

402.7 

215. 7 

618. 4 

804. 1 

34. 9 

Mature 

Oct. 

17, 1929 

153 

53-67 ! 

28,210 1 

759. 7 

404. 1 

1, 163. S 

1, 106. 0 

34.7 

Storage 

Eeb. 

20,1930 

279 

57-70 1 

28,098 1 

814. 6 

544.2 

1, 358. S 

1, 463. 5 

40.1 

Arkansas: 1 











Early .-,.i 

July 

16, 1929 

58 

39-49 1 

29. 180 1 

510.3 

208. 3 

718. 6 

1,013.7 1 

29.0 

JMature 

Oct. 

«, 1929 

142 

65-85 

27,866 

573. 2 

303.6 

876.8 

1,254.0 

84. 6 

Storage 

Jan. 

21, 1930 

247 ; 

03-87 ‘ 

27,862 

672. 9 

365.0 

1, 037. 9 

1,492.4 

35. 2 

Baldwin: 











Early.. 

July 

8, 1929 

53 

34-44 

29,609 

410. 6 

189. 1 

599. 7 

864. 2 

31,5 

Mature 

Oct. 

14, 1929 

151 

57-75 

28, 075 

560. 6 

354. 8 

915. 4 

1,072.2 

38.8 

Storage 

Eeb. 

18, 1930 

278 

58-76 

28, 010 

646.9 ! 

489.8 

1, 136. 7 


43.1 

Stayman Winesap: 











Early 

July 

16, 1929 

59 

33-42 

30, 203 

526.4 

226. 2 

752. 6 

1,036.7 

30.1 

Mature 

Oct. 

8, 1929 

143 

51-72 

28, 148 

647. 4 

305. 6 

1, 013- 0 

1,386.4 

36.1 

Storage 

Mar. 

13, 1930 

299 

55-73 

28, 137 

SOI. 4 

456. 3 

1, 257. 7 


36.3 

Winesap: 











Early — 

July 

If). 1929 

57 

29-38 

31. 408 

49.5. 4 

228. 3 

723.7 

965. 1 

31.5 

Mature 

Oct. 

8, 1929 

141 

54-62 

28, 281 

610.3 

329.9 

940. 2 

1, 247. 5 

35.1 

Storage 

Mar. 

20, 1930 

304 

50-62 

28,340 

713,7 

449.8 

1, 163. 5 

1, 589. 2 

38.7 

Northern Spy: 











Early 

July 

12, 1929 

52 

32-50 

29, 704 

353. 8 

190. 2 

544. 0 

637. 5 

35.0 

Mature 

Oct. 

18, 1929 

150 

53-70 

28, 138 

500. 4 

340.5 

840. 9 

957. 8 

40. 5 

Storage 

Feb. 

12, 1930 

267 

54-76 

27, 723 

560. 5 

373. 7 

934. 2 

1,13L2 

40.0 

Esopus Spitzenbiirg: 











Early ..... 

July 

9, 1929 

53 

29-37 

31, 097 

417. 8 

21S.0I 

635. 8 

888. 2 

34.3 

Mature.. 

Sept. 

30, 1929 

136 

53-67 

28, 243 

558. 4 

451, 8| 

1, 010. 2 

1,257,8 

44,. 7 

Storage.... 

Dec. 

17, 1929 

214 

50-64 

28, 325 

685.2 

462. S, 

1, 148. 0 

1,407.4 

40. 

Yellow Newtown: 











Early 

July 

12, 1929 

53 

29-38 

31, 101 

345.9 

216. 7 

562.6 

870.0 

38.5 

Mature... 

Oct. 

17, 1929 

150 

47-57 

28,591 

508.3 

354.7 

863. 0 

893. 7 

41. 1 

Storage 

Mar. 

5, 1930 

2S9 

48-56 

28, 551 

491. 7 

389. 4 

881. 1 

1, 007. 4 

44.2 

Rhode Island Green- 











ing: 











Early 

July 

9, 1929 

53 

34-41 

29. 184 

354. 2 

187.4 

541 6 

7:39, 3 

34.6 

Mature 

Sepl:. 

25, 1929 

131 

56-70 

28,067 

476. 4 

327. 1 

803.5 

1, 104. 5 

40.7 

Storage 

Jan. 

21, 1930 

249 

59-72 

28,043 

557. 7 

369.4 

927. 1 

1,308.6 

39. 8 


PROGRESSIVE CHANGES IN WAXLIKE CONSTITUENTS AND CUTIN 
DURING GROWTH AND STORAGE ^ ^ 

Data reported in Tables 1 and 2 represent the early, matnrej and 
storage stages for the shady side of fruit grown in Washington State 
and in New York. In the previous paper (10) it was shown that the 
quantities of ursolic acid, oily fraction, and total ether extract present 
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Jit isiiitiirity aiid at tlie end of the storage periodwere iii\airiably gxeater 
than tlioso fouiKl in the early stage of growth, and tlait in general 
the rrni>tituents increased from the time of picking to the end of th.e 
storage perioii Tlie results reported in the present paper confimi 
the previous coiicliisioiis. It wa.s also sliowii that while the quantities 
of iu.itli ursolic acid and the oiqv fraction became larger with increasing 
matiiiity, the oih’ fraction increased at a faster rate than did tlie 
ursolic acid; lienee with adyancmg maturity there was in general a 
progressive increase in the percentage of the oily fraction in the total 
ether extract. This condition with one exception (Ben Davis from 
New York) is also found to be true in the present study. ^ 

111 coniiectioii with the ciitin determinations reported in the same 
tables it is found that the same general conclusions can be drawm as in 
tlie case of the wuixiike constituents. For example, the quantities of 
cutin were found to be greater at maturity and at the end of^ the 
storage period than in the early stage. With two exceptions (Wine- 
sap and Esopiis Spitzenbiirg liom Washington), the quantities of 
cutin found at the end of the storage period W'Cre greater than at 
picking maturity. It is not clear wdiv in many cases there should be 
uniisiially large differences in the quantities of cutin found at the end 
of the storage period as compared with those found at picking matur- 
ity, since it is difficult to conceive how cutin w^oiild continue to be 
formed after the fruit has been picked. It is easy to understand how^ 
the oily fraction and the ursolic acid might increase during storage, 
since it is entirely possible that the constituents representing the oily 
fraction may diffuse outwmrd from the interior of the fruit and that 
ursolic acid ma\’ he formed as a result of oxidation, or condensation of 
cell-wall progenitors. Of course the latter hypothesis may also afford 
an explanation of the observed cutin increases during the storage period. 

COMPARISON BETWEEN FRUIT GROWN IN WASHINGTON AND 

NEW YORK 

At the mature stage the mean values, in niilligrams per 100,000 
miii“ of surface area, for only those varieties growm in both Wash- 
ington and New York, are, respectively: Ursolic acid, 480.5 and 563.3 ; 
oily fraction, 338.6 and 377.5; total ether extract, 819.1 and 940.8; 
ciitin, 1,152.9 and 1,095.6; percentage of oily fraction in total ether 
extract, 41.3 ^and 40.1. At the storage stage the corresponding 
values are; Ursolic acid, 555.1 and 638.9; oily fraction, 420.5 and 
43L7; total ether extract, 975.6 and 1,070.6; cutin, 1,233.3 and 
1,271.2 : percentage of oily fraction in total ether extract, 43 and 40.3. 
These figures indicate that the New- York apples, wdien considered as 
a group, had higher ainoimts of ursolic acid, oily fraction, and total 
ether extract at the mature stage and at the end of the storage period 
than did the Washington apples. On the other hand, the percentage 
of oily fraction in the total ether extract wuis higher for both stages in 
the WasMngton fruit. 

When individual varieties are considered it is found that, with the 
exception of Esopiis^ Spitzenbiirg and- Rome Beauty, ursolic acid is 
liigher lor the New York than for the coiTesponding WasMngton fruit. 
Likewise all New Itork varieties are higher in oily fraction and total 
ether extract except Esopus Spitzenburg, Winesap, Stayman Wine- 
^p, and lellow NewtoTO, which are lower in oily fraction, and 
Esopus Spitzenburg, wliich is lower in total ether extract. 
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It shoiilcl 1)e borne in mind that variations in total quantities of 
coiistitiients may be due to (1) differences in the average daily rate 
of deposition for the saine length of growing seasorq or to (2) differ- 
ences in length of growing period where the average daily rate of 
deposition is the same. For example, the average daily rates of dep- 
osition, which are given in column 6, Table 3, for the total ether 
extract representing Yellow Newtown from Washington and New 
York in 1929 for piaictically the same period of growth (153 and 150 
days), are 5.10 and 5.75 mg, respectively, thereby resulting in a lower 
total ether extract for Washington fruit than for New York fruit 
(780.7 and 863 mg). On the other hand, in the case of Grimes Golden 
from the two localities the average daily rates of deposition are prac- 
tically the same (6.76 and 6.73 mg.), whereas the lengths of growing 
season are 123 and 137 days and the quantities of total ether extract 
832.5 and 922.6 mg for Washington and New York, respectively. 

Table 3. — Comparative data representing the mature stage, shady side, for fall and 
late varieties of apples from several localities 


A’ariety, locality, and j^ear 

Age 

from 

bloom- 

ing 

Constituents per 100,000 niin^ of surface area 

Oily or 
petroleum 
ether 
soluble 
fraction 
in total 
ether 
extract 

Ursolic 

acid 

Oily or 
I)etroleum 
ether 
soluble 
fraction 

Ether extract 

Cutin 

Total 

Average 
daily 
rate of 
deposi- 
tion 

FALL A^lRIETIES 








IMcIntosli: 

Days 

Mg 

Mg 

Mg 

Mg 

Mg 

Per cent 

A’'irgmia, 1927 

149 

596.8 

284. 1 

880.9 

5. 91 


32. 3 

British Columbia, 1927 


807.6 

420. 3 

1,227.9 



34.2 

AA’’ashington, 1929’ 

123 

463. 8 

206. 4 

670.2 

5. 45 

803. 2 

30.8 

New York, 1929 

132 

493.1 

251.7 

744.8 

5, 64 

873. 1 

33.8 

Jonathan: 








A^irginia, 1926 

149 

567. 3 

324.1 

891. 4 

5. 98 


36.4 

AA'’ashington, 1 927 


542.8 

299. 6 

842.4 



35.6 

AYashington, 1929 “ 

i 151 

555. 1 

352.0 

907.1 

6. 01 

i, 094. 7 

38.8 

Do.t' 

150 

511.1 

274.9 

786.0 

5. 24 

853.7 

35.0 



153 

481. 0 

321. 5 

802.5 

5. 24 

946. 4 

40.0 

Do.^, 

153 

! 538. 1 

351. 2 

889.3 

5. SI 

929. 0 

! 39. 5 

AAUnter Banana: 








AYrginia, 1926 . 

132 

525. 2 

312. 9 

838. 1 

6. 35 


37. 3 

A'irginia, 1927 

141 

487. 5 

308. 0 

795. 5 

5. 64 


38. 7 

AA^ashington, 1927 


619. 1 

443. 5 

1,062.6 



41. 7 

Delicious: 







A^irginia, 1926 

160 

505.7 

1 398.8 

904. 5 

5. 65 


44.1 

A'irginia, 1927.. 

154 

747, 6 

448. 7 

1 1, 196. 3 

7. 76 


37.5 

AA'ashmgton, 1927. 


437.5 

269. 1 

706. 6 



38. 1 

AA'ashington, 1929 

144 

549, 8 

296.4 

i 846. 2 

. 5.88 

1, 217. 5 

35. 0 

New York, 1929 

150 

617. 6 

491,2 

1 1, 108. 8 

7.39 

1,011.9 

■ ■ 44.3 

AA'agener: 








AAYishmgton, 1929. 

136 

382. 3 

1 294. 5 

676. 8 

4.98 

924.0 

43. 5 

New Y^ork, 1929 i 

148 

503.1 

1 353. 6 

856.7 

5.79 

799. 3 

41.3 

Grimes Golden: 








A^irginia, 1926.. 

167 

572. 6 

610. 1 

3,182.7 

7.08 


51. 6 

A^irginia, 1927.. 

152 

58S.9 

500. 6 

i 1, 089. 5 

7. 16 


45. 9 

AA’ashington, 1927. 


658. 2 

‘ 421.0 

i 1, 079. 2 



39. 0 

AA^ashington, 1929 

123 

445.8 

386. 7 

1 832. 5 

6. 76 

1,447.2 

46.5 

New York, 1919 

137 

466.7 

455.9 

: 922.6 

6. 73 

1,426. 6 

49.4 


“ Yakima, sprayed with lead arsenate and oil. 
^ Yakima, unsprayed. 

<= AYenatchee, unsprayed. 

AYenatchee, sprayed with lead arsenate. 
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Table $.—CfAh puniiive data representing the mature stage, shady side, for fall and 
lfif£‘ rarieiies of apples from several localities — Coiitiiiued 


Constituents per 100,000 inm^ of surface area 



! 








Age 1 
from I 
bloom- 1 
ing i 

: 

Oily or i 
petroleum I 
ether | 
soluble i 
fraction 1 

Ether extract 


petroleum 

ether 

soluble 

Variety, locality, and year ‘ 

j 

I 

Ursolic 1 
add ' 

1 

Total 

Average 
daily 
rate of 
deposi- 
tion 

Cutin 

fraction 
in total 
ether 
extract 

LATE VARIETIES 

i 







Baldwin; ^ 

Days i 

A/^ 1 

Mg 

Mg 

Mg 

Mg 

Per cent 



579.4 ! 

322. 6 

902.0 

5. 90 


35.8 

New York, 192P i 

Stay man Winesap: 

151 

560.6 ' 

j 

354.8 

915.4 

6. 06 

1, 072. 2 

38.8 

Washington, 1929 

152 

535. 6 

381.1 

916.7 

6. 03 

1, 416. 1 

41. 6 

New York, 1929 

m 

647.4 

365. 6 

1, 013.0 

7. 08 

1, 386. 4 

36.1 

Arkansas Black; 







35.4 


149 

722.3 

395.6 

1,117.9 

7. 50 


Virginia, 1937 

159 

624. 5 

542. 5 

397. 2 
392. 3 

i; 021. 7 
934.8 

6. 43 


38.9 

42.0 

W'ashmgton^ 1929 

157 

68l. 5 

449.8 

1, 131. 3 

7. 20 

1, 295. 3 

39.8 

Ben Bavis: 







44.3 


ISO 

502. 7 

400.2 

902.9 

5.01 


W' ashington , 192tL 

146 

494. 5 

302.3 

796. 8 

5. 46 

858. 2 

37.9 

New York, 1929 

Rome Beauty; ! 

156 

759. 7 

404. 1 

1, 163. 8 

7.61 

1, 106. 0 

34.7 

Virginia, 1929 , . ' 

; 1S6 i 

552. S 1 

382.2 i 

935. 0 

5. 11 


40.9 

W’asiimgton, 1921^ 

: 152 : 

i 536.4 ! 

328. 0 1 

864.4 

5. 69 

1,107.9 

37. 9 

New York, 1929.,.. 

! 151 i 

531. S 1 

353.1 i 

884.9 

5. 86 

1,091.1 

39. 9 

Winesap: 








Wasliragtcm, 1929 * 

1 150 

I 640.8 i 

360.3 1 

1, 001. 1 

6. 67 

1,678.2 

36.0 

Do.L— - 

1 150 

I 542.5 ; 

455.3 ! 

997.8 

6. 65 

1,506.2 

45. 6 

Do.^' 

i 156 

i 531.1 i 

1 391.7 i 

922. 8 

5.91 

1,473.2 

42.4 

New York, 1929 

; 141 

1 610. 3 

329. 9 

940.2 

6. 67 

1, 247. 5 

35.1 

Northern Spy: 








Washington, 1929 

i 124 

349.6 

i 278. 2 

627.8 

5.06 

972. 5 

44.3 

New 'York, 1929 

Rhode Island Greening: 

1 150 

1 500.4 

1 340.5 

840.9 

5.61 

957.8 

40.5 

Virginia, 1927 

1 152 

^ 463. 0 

366.5 

829. 5 

5. 46 


44. 2 

New York, 1929,.. 

1 161 

i 476. 4 

327.1 

803.5 

6. 13 

1,104.5 

40.7 

Yellow Newtown; 


1 






Washington, 1929 ^ 

i 15S 

1 611. 5 

527. 7 

1, 139. 2 
935.6 

7.21 

1,327.1 
1, 005. 8 

46.3 

Do. A 

1 158 

i 534.9 

400.7 

5.92 

42.8 

Do.V„.,., 

1 153 

I 401. 1 

379. 6 

780.7 

5. 10 

1, 047. 1 

48.0 

New York, 1929 

York Imperial: 

1 150 

i 508.3 

354. 7 

863.0 

5.75 

893.7 

41. 1 

Virginia, 1926 

187 

! 514. 2 

! 470.0 

984.2 

5.26 


47.8 

Virginia, 1927 

,i 180 

i 558. 4 

i 506. 4 

1, 064.8 
917. 2 

5. 91 


47. 6 

Washington, 1929 

i 153 

i 547.0 

i 370.2 

5. 99 

1, 181. 7 

40.4 

Esopus Spitzenburg: 


1 

1 





Washington, 1927, 


1 474.0 

I 451. 5 

925.5 



48.8 

'Washington, 1929.. 

.| 145 

1 595. 1 

j 479.8 

1,074.9 

7.41 

1,415.5 

44. 6 

New Y’ork, 1929 

■ I 136 

i 55S. 4 

i 

i 451, S 

1,010.2 

7.43 

1,257.8 

44.7 


* 1 akima, unsprayed. ^ Different strain from n and normal variety. 

/ yakima, sprayed with lead arsenate and oil. * Normal variety, 
s Different strain from normal variety. 

It should also be noted that the average daily rate of deposition of 
the total ether extract for individual varieties is higher for the same 
varieties grown in New York during 1929 than for those grown in 
Washington, except for Grimes Golden, in which case the value is 
practically the same for both localities. 


COMPARATIVE DATA REPRESENTING THE MATURE STAGE FOR 
EACH VARIETY FROM SEVERAL LOCALITIES 


In Table 3 a summary is given of data, including some previously 
reported results, representing quantities of constituents and percent- 
age ol oily fraction in the total ether extract found on the shady side 
of the fruit at picking maturity for all varieties that were collected 
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from two or more localities. These data make it possible to observe 
more clearlj than hitherto the variations for individual varieties 
that occur as a result of somewhat different environmental conditions 
and, to a lesser extent, differences due to variations in length of 
growing period. The localities and seasons of growth represented 
by the Various samples include the irrigated Wenatchee and Yakima 
Yalleys, an unusually dry summer in the Finger Lake district, and a 
normal and dry summer at the Aiiington farm in Virginia. 

Since the environments may be considered as somewhat extreme, 
the range in values for the ether-soluble constituents for a particular 
variety in most cases may be considered to include the most probable 
values for these substances. The table shows that some varieties 
like Rome Beauty, Baldwin, and Rhode Island Greening show only 
small variations in the values of the ether-soluble constituents despite 
considerable variations in growing conditions, while others like 
Grimes Golden, Delicious, and McIntosh show considerable varia- 
tions in values. 

In colunm 6, of Table 3, the average daily rates of deposition of 
total ether extract are given for those varieties for which complete 
data are available. These values reflect variations due to envhon- 
ment independent of the length of the period of growth and may, 
therefore, be more characteristic of varieties than is the total quan- 
tity of the ether extract. 

^Vlien the total ether extract and cutin are averaged for the varieties 
for wliich data are available, the ratio of total ether extract to cutin 
is in the proportion of about 44 to 56. In other words, the main 
outer protective coating of apples is made up of approximately 44 
per cent of ether-soluble materials and 56 per cent of ether-insoluble 
cutin. 

SUMMARY AND CONCLUSIONS 

Fiu'ther studies on the progressive changes in the waxlike coating 
on the surface of the shady side of the apple during growth and storage 
have been made on varieties grown in two dissimilar apple regions, 
namely, the Wenatchee Valley, Wash., and the Finger Lake district 
of New York. A method for the quantitative determination of 
cutin, present in the cuticle of apples, has been devised and used in 
the present study. 

^ In confirmation of pre^dous results, obtained from fruit grown on 
the Arlington Experiment Farm, Rosslyn, Va., near Washington, 
D. C., it was found wdth New York and Washington fruit that quan- 
tities of ursolic acid, oily fraction, and total ether extract present at 
maturity and at the end of the storage period were greater than those 
found in the early stage of growth and that the quantities of the 
constituents increased from the time of picking to the end of the 
storage period. It was also found that with advancing maturity 
there was in general a progressive increase in the percentage of the 
oily fraction in the total ether extract. 

Quantities of cutin were greater at maturity and at the end of the 
storage period than in the early stage. The proportion of total ether 
extract to cutin varies considerably in individual varieties, but when 
these substances^ representing the mature stage are averaged for the 
varieties for which complete data are available, the ratio of total 
ether extract to cutin is about 44 to 56, indicating that the cuticle of 
apples, which constitutes the main outer protective coating, is com- 
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IxjsimI cif a.|)|:)ix:)xijiiatel 3 " 44 per cent of etlier-soliible constitiients and 
oti ])(n* cent of etiierdnsoluble eiitin. 

In considering comparable apples from eacli locality ^ as group, 
New York fruit in 1929 had higher amounts of ursolic acid, oil^^ 
fraction, and, total ether extract at the mature stage and^at the end of 
till* storage pei.iod than did Washington apples. Individi.ially the 
same varieties from the two localities varied somewliat vdth respect 
to quantities of constituents. 

Data are given shoving the quantities of constituents and per- 
centage of oily fraction in the total ether extract at picking maturity 
for all varieties collected from two or more localities and the average 
daily rates of deposition of total ether extract for most of the varieties. 
These \"aliies may possibly be characteristic of varieties, since they 
reflect differences in quantities of total ether extract due to envirqn- 
iiient and hereditary tendencies independent of the length of growing 
season. 
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INHERITANCE OF BUNT REACTION AND OTHER 
CHARACTERS IN HOPE WHEAT CROSSES ‘ 


By J. Allen Clark, Seyiior Agronomist, and K. S. Quisexberrt, Agronomist, 

'Division of Cereal Crops and Diseases, Bureau of Plant Industry, United States 

Depart ment of Agricidture, and LeRoy Powers, formerly Assistant Agronomist, 

M ontana Agricidtural Experiment Station 

INTRODUCTION 

Bunt, or stinking smut, caused by TiUeiia tritici (Bjerk.) Wint. or 
by T. levis (Kuehn), long has been a serious disease of wheat in the 
Pacific Northwest. In recent years it has become an important 
problem in Montana. Winter wheat is more severely affected by bunt 
than is spring wheat, but since the commercial distribution of certain 
new varieties, particularly^ Kota, Supreme, and Ceres, bunt has 
become more prevalent in spring wheat. 

A study has been made of bunt reaction and certain other characters 
in the parents and F 3 hybrid strains of crosses between Hope wheat 
and three other varieties, namely, Ceres, Marquis, and Hard Feder- 
ation. The present paper reports the results of this investigation. 

REVIEW OF LITERATURE 

Inherent differences in the reaction of wheat varieties to bunt were 
reported by Farrer (7'f in 1901. Since then varietal reaction has been 
investigated and reviewed by several workers (11 , 13, 14). An almost 
complete range of reaction has been obtained with different varieties, 
varydng from immune and resistant to susceptible, each inherently 
different but with some overlapping. No immune variety^ of com- 
mon spring wheat has been found. In vdnter-wheat hybrids immu- 
nity is inherited as a dominant character in contrast with resistance, 
which is inherited as a recessive character. Immunity from some 
forms of bunt, or stinking smut, has been obtained in Martin and 
Hussar, two winter wheats. In crosses studied by^ Briggs {3, 8) 
immunity^ has been found to segregate in simple Mendelian ratios, 
the result of one or two genetic-factor differences, respectively. In 
other studies, where different degrees of resistance and susceptibility 
are involved, the results have not been so definite and indicate that 
several factors are involved. 

Different phy^siologic forms of bunt have been reported recentlyr by 
Gaines (8) and Rodenhiser (12). In some sections new forms have 
increased the problems of the plant breeder. 

MATERIAL AND METHODS 

Marquis, the principal commercial variety of hard red spring wheat 
grown in Montana, has some resistance to bunt, and partly for this 
reason the losses in spring wheat have been less serious than those in 


1 Received for publication July 29, 1932; issued April, 1933. The work here reported, was done in 
cooperation with the Montana Agricultural Experiment Station. This paper was read at the meeting of 
the western section of the American Society of Agronomy at Bozeman, Mont., July 31, 1930. 

VReferenee is made by number (italic) to Literature Cited, p, 425. 
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winter wlieat. tfope spring wheat has a lower percentage of bunt or 
a greater resistance than IVlarciuis. This stronger resistance of Hope 
has been studied in crosses inyolTing the weaker resistance of Marquis 
and different degrees of susceptibilitT in Ceres ancl Hard^^ederation. 
Three crosses liave been tested with a collection of Tilhtid levis from 
Bozeman^ 'Mont. 

Since the presence of more than one physiologic form of bunt would 
complicate the problem, a preliminary study was made of the mate- 
rial used in the present investigation. In 1929 cnllections of bunt 
from various localities in Montana were tested individually on the 
parent wheat varieties at Bozeman. Since no differential reactions 
were obtained, the collections were assumed to represent only one 
form. 

The parent wheat varieties and the F 3 hybrid progenies were grown 
at the IMontana Agricultural Experiment Station, Bozeman, Mont., 
in 1929. With one exception, the F 2 material was grown, under 
bunt-free conditions, at the United States Northeim Great Plains 
Field Station, Mandan, N. Dak., in 1928. The F 2 plants of the 
Hope X Hard Federation cross were grown in a ^greenhouse at the 
Arlington Experiment Farm, Eosslyn, Va. (near Washington, D. C.), 
in the winter of 192S-”29. 

The seed of the parent varieties and of the F 2 plants was inoculated 
with Tilletia kvis by shaking an excess quantity of spores and the seed 
wheat in a glass container. The F 3 hybrid and parent plants were 
grown in rocl rows 1 foot apart and were spaced 3 inches apart in each 
row. The jrarent checks occupied every tenth row, and the F 3 strains, 
arranged in the random order of the harvesting of the F 2 plants, 
occupied the intervening ro'ws. 

After harvest, the individual plants in each row were studied for 
bunt infection. The studies on the Hope X Marquis and Hope X Ceres 
crosses were made in the field at Bozeman, while those on the Hope X 
Hard Federation cross were made in the laboratory at Washington, 
D. C. The latter cross wms more closely studied than the others, 
as each apparently bunt-free plant was threshed separately, and if a 
trace of bunt was observed during or after threshing, the plant was 
classified as bunted. 

EXPERIMENTAL DATA 

INHERITANCE OF REACTION TO BUNT 

The parent reaction in percentage of bunted plants and the segre- 
gation in the timee crosses, Hope X Alarquis, Hope X Ceres, and 
Hope X Hard Federation, as shovm by the average of F 3 hybrid strains, 
are shown in Table 1 , and graphically in Figure 1 . 

The data on the hybrids show a segregation covering almost the 
complete range of the parents, except that in the Hope X Hard 
Federation cross there were no F 3 hybrid strains within the limits of 
the Hope parent. In this cross there is a preponderance of very 
susceptible strains. The absence of strains having the strong resist- 
ance of the Hope parent indicates that in this cross smut reaction is 
determined by a larger number of genetic factors than in the other 
crosses. Apparently a sufficient number of strains was not grown to 
recover the Hope genotype. In the Hope X Ceres cross an inter- 
mediate inheritance was indicated, 12 of the 103 strains having a 
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reaction similar to that of the Hope parent. At the other end of the 
curve there were 18 strains vithin the limits of the Ceres parent. 
These results indicate that at least two genetic factors for bunt 
reactioii are involved in this cross, since on the basis of a l-factor 
difference, one-fourth, or about 26 strains, would be expected to fall 
within the range of each parent. 



Figure 1 .— Frequency distribution of the average percentage of bunted plants of Fs hybrid strains 
for three wheat crosses, together with the average of the four parents, at Bozeman, Mont., 1929 


Table 1. — Percentages of hunted wheat plants in rows of Hope, Marquis, Ceres, 
and Hard Federation parents and Fs hybrid strains of crosses between Hope and 
these other varieties grown at Bozeman, Mont., in 1929 


Percentage of bunted plants 

Number of rows of indicated i>arent 

Number of rows of Fs hy- 
brid strains of indicated cross 

Hope 

-Marquis 

Ceres 

Hard 

Federa- 

tion 

Hope X 
Marquis 

Hope X 
Ceres 

Hope X 
Hard 
Federa- 
tion 

0.0 





2 

1 



9 




19 

2 


7.5 ... 

2 




22 

9 


12.5 





9 

6 


17.5. 





20 

14 


22.5 





4 

11 

1 

27.5 





3 

11 

1 

32.5 1 






5 

16 


37.5 


*> 



3 


3 

42.5..... 


1 



2 

8 

2 

47.5— - ! 


*> 

1 


9 

8 

6 

52.5 ..... 


1 



i 

4 

5 

57.5 


.....i 

2 



3 

' 8 

62.5-..- ■ 



1 



i •' '2 

■■ '8 

67.5— j 




1 


‘ 1 

19 

72.5- 



1 




15 





2 



20 

82.5 ... 






9 

87.5 



1 

2 



7 

92.5 ... 




1 



3 

97.5— i 















• Total— -,J 

18 

6 

6 

t> 

92 

103 

107 

Average'* 

2.1 

44. 2 

64. 2 

81.7 ' 

14.7 

29. 3 

• 68. 5 

P. — ..... 

■±.4 1 

±l.-7 : 

±3.9 

■ ±2.7' 

±.9 

±1.0 

' ±. 9 


« Average percentage of bunted plants. 


In the Hope X Marquis cross there is a preponderance of strains 
approaching the stronger resistance of the Hope parent. Of the 92 
strains, 43 were Mthin the limits of the Hope parent; only 8 strains 
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were witliiii the liiiiits of the Marquis parent. It is recognized that 
the iiiimber of i^arent check roAvs \v3.s comparatiA^ety small and may 
not giA'e a true expression of the parental range. 

None of these data indicates a simple siiigledhetor differencej or a 
1 :2: 1 segregation, as found by Briggs if ) in crosses AAuth the immime 
A'aiietA’' hlartin. In generalj the results fmiii the three crosses 
indicate that the stronger the degree of resistance invoBed in the 
hybrids the less complicated the inheritance,^ AAith an increasing 
teiidene:y aAA'ay from an imperfect dominance of susceptibility to an 
imperfect doiniiianee of strong resistance. 

SEGREGATION OP VARIOUS CHARACTERS IN HOPE X HARD FEDERATION 

In addition to data on percentage of bunted plants, other data AA^'ere 
obtained on the Hope X Hard Federation cross, including the per- 
centage of built, yield per plant, glume color, kernel color, and 
aAAUiedness. These data are presented in the order giA^en, together 
AAitli the relation betAA^een some of these characters. 

Percentage of Bunt 

The percentage of bunt was determined by separating* the total 
number of heads from each plant into bunt-free, partly bunted, and 
fully bunted groups. In computing the percentage of bunt per plant, 
an attempt AA'as made to weight the results according to whether a 
liead was fully or partly bunted. The number of fully bunted heads 
was multiplied by 1 and the partly bunted heads by 0.5. The sum 
of these products aauis then diAuded by the total number of heads, 
giAung a percentage based on the seAmrity of infection. The average 
percentage of bunt in each strain or parent-check roAV Avas then 
determiiied from the total number of plants. The percentage of bunt 
tlius detennined is considerably loAA^er than the percentage of bunted 
plants. The comparable data are slioAvn in Table 2. 


T.ABLE 2 .- — Percentage of hunt compared untk percentage of infected planU in rows 
of the Hope irud Hard Federation parents and 107 hyhrid strains grown at 
hozemari-i Mont,, in 1929 



Niiiiiber of row 

sof— 


Number of rows of — 

Percentage of bunt 

Hope 

Fs 

strain 

Hard 

Federa- 

tion 

Percentage of 
bunted plants 

Hoi)e 

Fa 

strain ' 

Hard 

Federa- 

tion 

2.5 

5 

6 



3 

2 



7.5 


18 

17 





12,5 - 



12.0 






25 


17 .5 



1 


22.5 


21 


22 5 

27.5 


11 


27.5- - . - 


1 

32.5 


6 


32..5 -- 



37.5 

i 

.37 n 


3 


42 J 


1 

1 

42.5_— 



47.5 - ; 

52.. 5 _ . i 


i *> 

..2 

47.5--- . 

.5 

■ ■ ' 

6 

_ - 

57.5 ; 





57.5 

62.5 i 


8 

8 

1 

67,5. — ' 


I 


67.5-- ^ 


19 

10 

T‘2 n 




72 .5 


77.5 . . 




77 5 


25 

2 

S2.5 




82 5 


9 

— — 


i ■ 


87.5 

S2 5 


3 

2' 

■ 1 







Total i 

" Average «_ — | 
P. E i 

■ 5 ■ I 

2.5 ! 

, 0 I 

107 

17.6 

±.6 

6' 

46. 7 
±1.6 

Total -,j 

Average « | 

P. F ■■ . i 

i 

5 i 
4.5 1 
±.S 1 

1 

107 

68.5 

±,9 

; 6 
‘ 81.7 

±2, 5 


“.Average .pereentage of bunt or buixted plants. 
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Tlie data in Table 2 show that in the hybrids the arerage per- 
centage of bunt was only about one-fourth as great as the percentage 
of infected plants. The percentage of bunt measures the effect of 
bunt infection on yield, whereas the percentage of infected plants is 
used to determine the inheritance of bunt reaction. The correlation 
between the percentage of bunt and the percentage of infected plants 
is positive, r = + 0.741 ± 0.029. This is both important and significant 
from a plant-breeding standpoint, indicating that the two measures 
are closely related. 

Yield of Grain 

The heads from each plant were threshed and the yield of grain 
per plant was determined in grams. The total of these yields was 
then divided by the number of plants in each row. There was some 
variation in the number of plants per row, but it was felt that the 
variation was not serious enough to influence the results in general. 
These average yields are presented in frequency classes in Table 3, 
where the average yields for the parent checks and hybrid strains 
also are shown. The average yields of the hj^brids approach those 
of the resistant Hope parent. There was a vide and significant 
difference between the parents, although the average yields of the 
bunt-free plants of the parent checks did not show so much difference, 
those of Hope averaging 10.6 and those of Hard Federation 9.9 g. 
As shown in Table 3^ the average 3neld of the smut-free hj^brid plants 
was 11.8 ±0.1 g and that of the bunted Iwbrid plants 8.8 ±0.1 g. 
The difference of 3.0 ±0.1 g is statistically significant and represents 
an average loss in yield of 20.5 per cent. 


Table 3.^ — Average plant yield of rotes of Hope and Hard Federation parents^ 
of 107 F;i hybrid strains, and of infected and hunt-free hybrid plants grown at 
Bozeman, Mont., i?i 1929 


Yield (grams) 

Hope 

Niim 

Fa strains 

ber of row 

Hard Fed- 
eration 

sof™ 

Infected 

hybrid 

plants 

Bunt-free 

hybrid 

plants 

4.5. ' 



3 

2 


5.5 V. ...J 


2 


4 


6,5... : 


3 

3 

6 


7.5, ! 


11 


26 

' 2 

S.5 


21 


21 

■ -r 

9.5 

1 

25 i 


Zi 


10.5... .... 

3 

24 ! 


15 

19 

24 

11.5 ^ 

1 

12 1 



12.5.. - 


7 i 


1 

23 

13.5 j 


1 


2 

14 

14.5 ...i 


1 



' 6'' 

15.5........ ! 





1 

16.5 ! 





4 

Total 

5-1 

107 

6 

107 

107 

Average® 

10.5 i 

9.7 

1 5.5 

8.8 

11. 8 

P. E. 

d=.i ; 

=fc. 1 

i =fc.3 

i ■ 

±. 1 

±. 1 


“ Average plant yield of all rows. 


3 g is the abbreviation for gram or grams recently adopted by the Style Manual for IT. S. Government 
printing. 
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Tile relation between the percentage of bunt and the yield per plant 
is sliowii in the correla.tion surface in Table 4. The correlation 
( 3^554 ^ 0 _ 045 ) shows a negatiTe relation between percentage 
of bunt and yield. This correlation coefficient also indicates that 
about 30.7 per cent of the sc|iiared yariabilit}- of yield was caused by 
the Tariation in percentage of bunt present. 

Table ^L.—Correlaiion helween percentage of bunt and average yield per plant of 
107 Fs strams of Hope X Hard Federation wheat crosses grown at Bozeman, 
in 19B9 


Number of strains having indicated average yield (grams) per plant 





An effort was made to determine the decrease in yield caused by 
the increase of bunt. There is a strong negative relation between 
the percentage of bunt and yield. Tliis correlation is not entirely 
correct, however, since the Fg strains were not all genetically alike in 

yielding ability. Since 
each hybrid row con- 
tained both clean and 
bunted plants, it was 
possible to obtain a 
measure of the yield of 
each group. It was then 
possible to determine 
the percentage of loss 
in }deld caused by the 
infection of bunt. 

The correlation be- 
tween the percentage 
of bunt and the per- 
centage loss in yield 
was found to be 
r-h 0.501 ±0.049. 
Figure ^ 2 shows the 
regression of percent- 
age loss in yield on the 
, percentage of bunt, 

Dots indicate the mean loss for each of the bunt classes. The regres- 
sion lineumd the dots coincide wery well except for the last two classes. 
In the 37.5 per cent bunt class there were only two observations and 
in the 42.5 per cent class only one. These small numbers account 





/S' z/ 


sz 


FiGtTEE 2.— Regression line sliowing relation between percentage of 
bunt and, loss in. .yield. ..Each increase of 5 per cent in bunt caused a 
decrease of about 4 cent in yield 
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ill part for the A^ariatioii. According to these data an increase of 
5 per cent in bimt caused a decrease of about 4 per cent in yield. 

Glume Color 

Glume colors of wheat are most commonly classed as white and 
brown. Biffen (1) first reported broi\Ti glume color dominant to 
white in the single 3:1 or 1 : 2:1 ratio. Although there often is con- 
siderable A'^ariation in the intensity of the brown color, no other 
ratio has been reported for common wheats. 

Glume color ivas not described in the Fo generation, as the plants 
were grown in the greenhouse, and imder such conditions the glumes 
of all plants ivere AA^hite or nearly so. In the F 3 generation the strains 
were recorded as broAra, segregating, or Auhite for glume color. The 
data are presented in Table 5. 


Table 5. — Breeding behavior in trie Fz generation for glume color of 107 strains of 
the Ho'pe X Hard Federation wheat cross grown at Bozeman, Mont., in 1929 


Brown 

Sesregating. 
Wliite 

Total. 


« P=0.21. 


Breeding behavior for glume color 


Number of Fs strains 

Devia- 

tion 

Obtained 

Calculated 
on 1:2:1 
ratio 

i 29 

27 

2 

59 

53 

5 

j 19 

27 

8 

107 

107 



These data reA^eal a slight shortage of white-glumed strains, although 
the Auilue F = 0.21 indicates a fahly close fit to the 1:2:1 ratio ex- 
plained by a single genetic-factor difference. 

Kerxel Color 

The inheritance of red kernel color AA’-as first I’eported by Bifl:’en {!) 
as doininant OAmr AA^hite in the Fj generation and as segregating in a 
3:1 ratio in the F 2 . Nilsson-Ehle {10) later reported crosses AA-hich 
in the Fo gaAT 15:1 and 63:1 ratios of red to AAdiite-kerneled plants, 
proAing that tAAm and three genetic factors AA^ere present. Similar 
ratios haAm since been found by other Avorkers. 

In the present study red proA^ed dominant, as usual, in the Pf 
generation, and in the Fo generation all the plants harvested in the 
greenhouse had red kernels. In the F 3 the strains Avere described 
for kernel color as either red or segregating. No true-breeding 
AA'hite-kerneled strains AA^ere recoAmred. The data on segregation are 
presented in Table 6 . 

These data reveal the absence of wMte-kerneled strains and the 
presence of more true-breeding red than segregating strains. On a 
basis of three dominant factors for red color, 37 parts are expected 
to breed true for red, 8 parts to segregate 63:1, 12 parts to segregate 
15:1, and 6 parts to segregate 3:1. ■ Thus-' there are 26 parts, segre-, 
gating I to 37 breeding true for red. On this calculated basis the 
Amine of P = 0.34 indicates a fairly good fit to the 3-factor 37:26:1 
ratio. , ■% , 


16S032-~:i3 — -3 
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T ^ bli : ^K—Brn'iling behavior i?i the Fg generation for kernel color of 107 strains of 
the Hope "/I Hard Federation udieai cross grown at Bozeman, Mont., in 1929 


Breeding behavior for kernel color 

Number o) 

! 

Obtained | 

f Fs strains 

Calculated 
on a 37:26:1 
ratio « 

Devia- 

tion 


65 

62 

3 

Nippmfiotlntr _ - ^ 

42 

43 

i 1 


0 

2 

1 2 

1 

107 

107 







« .P=0.34. 

Awnedness 


Biffeii (i ) was the first to point out that the awnless condition of a 
wheat spike is dominant. Other early workers obtained similar 
results. The beardless or awnless type referred to by these investi- 
gators was e^ddently tip awned, corresponding to class 3, or the awn- 
leted type, of the present study. 

How'ard and Howard (9) were the first to w^ork with the true awn- 
less wheats, and they reported that twm factors were necessary for an 
interpretation of the inheritance of awns. In similar studies between 
Kota X Hard Federation crosses or true awnless (class 1 ) and fully 
awned (class 5) parents, Clark ( 4 ) concluded that two genetic factors 
could not entirely account for the breeding behavior. 

In crosses between avmless (class 1 ) and awnleted (class 3) wheats, 
Clark and Hooker (6) have shovni that two factors were necessary 
to explain satisfactoril}^ the segregation of Hard Federation X 
Marquis crosses. 

The inheritance of awnedness was more thoroughly reviewed and 
further studied by Clark, Florell, and Hooker (5), who classified 
hybrids into five classes — ( 1 ) awmless, (2) apically awnleted, ( 3 ) awn- 
leted, (4) short awned, and (5) awned. In crosses between the awn- 
less Bobs and Hard Federation (class 1 ) parents with the awned 
Propo (class 5) parent, imperfect dominance of awnlessness was 
shown as the Fi (class 2) approached nearer the awnless than the 
awned parent. The Fa and F 3 plants were separated into the five 
classes. The Bobs X Propo cross was less complicated in Fg than the 
Hard Federation X Propo cross, the former segregating into 7 breed- 
ing groups and the latter into 11 . A genetic interpretation of the 
results for the Bobs X Propo cyoss was made on the basis of two 
major (AA and BB) factor paii-s. The corrected Fg for the five 
classes was found to be close to a 1 : 8 : 4 : 2 : 1 ratio. 

The stiidy was continued in the present cross, in which Hope is 
awned, class 5 — , and Hard Federation awmless, class 1 + . The plus 
( + ) and minus (-) signs are used to indicate the direction of over- 
lapping. The Fa plants of the Hope X Hard Federation cross grown 
in the greenhouse were carefully separated into five awnedness classes 
as defined by Clark, Florell, and Hooker. The data are shown in 
Table 7. 

The Fi and the largest number of Fa plants were of class 2, apically 
awnleted. These approach more closely the awnless than the awned 
parent. An imperfect dominance of awnlessness is again shown, 
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altlioiigli a larger number of awnleted (class 3) plants in the F 2 was 
recorded in tliis cross than in the other crosses studied. 


Table 7 . — Segregation for awnedness in plants of Hope X Hard Federation 
crosses grown in a greenhouse at the Arlington Experiynent Farm, 1928-29 


Class 

F 2 plants 

Class 

Fa plants 

(1) Awnless 

Num- 

ber 

10 

104 

Per 

cent 

4.2 

43.9 

32.5 

(4) Short-awned 

Num- 

ber 

18 

28 

237 

Per 
cent 
7.6 
11. 8 

100 

(2) A pically awnl eted 

(3) Awnleted- ^ 

(5) Awned 

Total-- 


A total of 107 F2 plants was selected at random for growing in the 
F3 generation. The material proved to be rather variable, as it was 
possible to separate 21 types of segregation. These are shown in 
Table 8. The modal classes are indicated by italic numbers. Several 
of these types may not differ inherently from the others. They are 
arranged in the order of length of awns, and totals are drawn between 
groups not regarded as inherently different. Variation within the 
groups may be due either to minor genetic factors or to environment. 


Table 8 . — Breeding behavior of 107 Fz strains of Hope X Hard Federation crosses 
at Bozeman, Mont,, 1929 
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There is a wide range of overlapping among the Fa awnedness 
classes. Of the 6 awnless plants grown, 4 bred true and 2 segregated 
for classes 1, 2, and 3. Of the 14 awned plants grown, 4 bred true 
and 10 segregated for classes 5, 4, and. 3. All the other true-breeding 
and segregating types are shown with the modal class indicated. 
There were true-breeding awnleted or class-3 strains but no true- 
breeding class-2 or class-4 strains. 

*^loning for a wide range of overlapping of the classes, the ma- 
terial was separated into seven groups (Tables 8, 9, 10), i. e., (I) 
strains of class 1, 2, or 3 that have a mode of class-1 plants and breed 
true or to the limits of classes 1 and 2; (II) strains of class 2 that 
have a mode of class-1 or class-2 plants and segregate for classes 1, 
2, and 3, or two of them; (III) strains that segregate for classes 1, 
2, 3, 4, and 5, or at least four of them; (IV) strains of class 3 that 
breed true or have a mode of class-3 plants and do not contain plants 
of classes 1 and 5; (V) strains that segregate for classes 3 and 5, or 
have a mode of class-3 plants with only a few class-2 or class-4 plants; 
(^T) strains of class 4 that have a mode of class-4 or class-5 plants 
and segregate for classes from 2 or 3 to 5 ; and (VII) strains of class 5 
that breed true. Table 9 shows the number of plants in each awned- 
ness class in each of the seven groups. 


Table O.™ Xnmber of plants in each awnedness class for each breeding group 



In Group I there were 15 plants in 260 that were classified as of 
class 2. In Group III, which should segregate as in the Fo genera- 
tion, there were more class-3 than class-2 plants. In Groups IV, 
V, and VI there was considerable variation resulting in overlapping. 

In Table 10 the percentages obtained in the F2 generation are 
corrected upon the breeding behavior of the F3 strains. For example, 
of awnless plants (class 1) progenies of 6 of the 10 plants so classified 
in Fa were grown and 4, or 66.7 per cent, bred true. This percentage 
of 4.2 per cent, originally classified as awnless (class 1), is 2.8 per cent. 
In class 3, the progeny of 1 of the 36 plants grown, or 2.8 per cent of 
the class, bred as Group I. This percentage of 32.5' per cent is 0.9 
per cent. The total of 2.8 and 0.9 per cent gives a corrected percent- 
age of 3.7 awnless, or Group I. Of awned plants (class 5) progenies 
of 14 of the 28 plants so classified were grown, and of these 4, or 28.6 
per cent, bred true. This percentage of the original 11.8 per cent is 
3.4 per cent. These 3.7 per cent awnless, and 3.4 per cent awned, 
approach 6.25 per cent, or one-sixteenth of the total. A closer 
approach would result by assuming from Table 8 that the variability 
of both these classes extends to class 3. A poorer approach would 
result by allowing for no variability or overlapping. 
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Table 10. — Breeding hehavior of 107 Fs strains with the original and corrected F 2 
classifLcation of %S7 plants 


Number and percentage of Fs strains by Fa class No. — 


Fs breeding group j 


I. .,. 

II. -- 
HI. . 
IV... 

v.... 

VI... 

VIL. 


Total... 


\Num~ 
! ber 
-\ 4 


Per 

cent 

G6.7 

33.3 


Original Fa: 

Total num- 
ber 

Per cent 


too. 0 


A%m-1 

ber 


4.2 


104 


Per 

cent 


55.3 

39.5 

2.6 

2.6 


Alxm- 
ber I 
1 i 


100. 0 


43.9 


Pei 

cent 

2.8 


25.0 
27. S 
41.6 
2.8 


100.0 


NiA 771-1 

ber i 


Per 

cent 


23.1 
7. 7 

69.2 


•STiim-i 

ber 


100.0 


28 


Per 

cent 


71.4 

28.6 


100.0 


11.8 


I Cor- 
Cor- irected 
I reeled i per 
To- I :F2 ! eent- 
tal ! class j aeei 
■ F2 


3.7 

25.7 
25. 5 
11.9 
15. 2 
14.6 
3.4 


100.0 


100, 0 


The results of these studies indicate that a genetic interpretation 
should be confined to two major factors. With respect to these the 
formula for the awnless Hard Federation parent would be A ABB, 
and that for the awned Hope parent would be aahh. On this basis the 
phenotypic class, general breeding behavior, and genotypic groups may 
be indicated as follows : 


PHENOTYPIC CLASS, BREEDING BEHAVIOR, AND GENOTYPIC GROUP 


Class 

Class 


Class 


Class 

Glass 


1 , Awnless: 

1 A ABB Breeding true>_ 

2, Apicallv awnleted: 

9 AABh\ 

5 ^A-aBBi ^^Sregating for classes 1, 2, and 3 

4 

g AaBh Segregating as in F 2 for classes 1 , 2 , 3, 4, and 5- 

3, Awnleted: 

1 faSs} Breeding true 

2 

- Aahh Segregating for classes 3 and 5 


4, Short-awned-' 

2 aaBh Segregating for classes 3, 4, and 5, 

5, Awned: 

1 aahh Breeding true._ 


Group 

I 

II 

Til 

IV 
■ V 

VI 

VII 


The goodness of fit is shown in Table 11, based on calculated num- 
bers for two genetic factors on both 5 phenotypic classes and 7 geno- 
typic groups- The agreement is very good but there is a slight short- 
age of both awnless and awned strains. The 1 :8 :4:2:1 phenotypic 
ratio is the essential explanation of inheritance in the 5 awnedness 
classes. The value F = 0.27 for the genotypic ratio indicates that 
a wnrse fit, due to chance alone, might be expected 27 times in 100 
trials.^ It would seem, therefore, that any theory assuming two major 
genetic-factor differences should satisfactorily explain the inheritance 
of awnedness in this cross. Although it is recognized that some of the 
variability observed may have been caused by minor factors, it has 
been impossible to prove the interaction of an additional genetic 
factor or factors because of the effects of uncontrolled variation caused 
by environment. 
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Table 11. — Goodness of fit deiermined on a 2-factor basisjor 237 F 2 plants corrected 
on the basis of the breeding behavior of 107 strains 





Number of F 2 plants 


Es genotypic groups 

Corrected 
Fs class 

! 

5 phenotypic classes 

1 

7 genotypic groups 




: Obtained 

Calcu- 
lated “ 

Obtainedj 

Calcu- 

lated 

1 

1 i 

1 


9 

15 

9 

15 

II . 1 

2 

} 

i 


r 61 

1 61 , 

69 

III . i 

2 



59 

I'V. 1 

3 

} 

64 


/ 28 

1 36 ! 

29 

V, - - .. 1 

3 


30 

vi — : ' 

4 

34 

30 

34 

30 

VII . . _ 

5 


8 

15 

8 

15 









«r’=6.76; P=0.15. 

P=0.27, 


No consisteiit or important relation was found between the seven 
genotypic awnedness groups and the percentage of bunt or yield per 
plant, as determined by correlation ratios. 

SUMMARY 

The parent reaction to bunt, or stinking smut, and the segregation 
as shown by the average of F 3 hj^brid strains for three crosses, HopeX 
Marquis, Hope X Ceres, and HopeX Hard Federation, was studied. 
Hope was shown to be strongly resistant and Marquis weakly resist- 
ant, averaging 2.1 and 44.2 per cent of bunted plants, respectively. 
Ceres w^as found weakly susceptible and Hard Federation strongly 
susceptible with an average of 64.2 and 81.7 per cent of bunted plants, 
respectively. The HopeX Hard Federation cross showed a strong 
tendency for dominance or a preponderance of susceptibility. No 
F 3 strain was found within the limits of the Hope parent, indicating 
the presence of several genetic factors. In the HopeX Ceres cross an 
intermediate inheritance was indicated, with a normal curve between 
the parents but with, considerably less than one-fourth wdthin the 
limits of each parent. In the HopeX Marquis cross' there was a 
tendency toward a dominance of the stronger resistance of the Hope 
parent, with only 8.7 per cent within the limits of the wnak resistance 
of the Marquis parent. The results from the three crosses indicate 
that the stronger the degree of resistance involved in the hybrids the 
less complicated is the inheritance, with an increasing tendency awmy 
from an imperfect dominance of susceptibility toward an imperfect 
dominance of strong resistance. ■ 

In the Hope X Hard Federation populations the percentage of bunt 
w^as about one-fourth the percentage of infected plants. The negative 
correlatioii r— ” 0.554 ±0.045 w^as found between percentage of bunt 
and average yield per plant. 

The correlation betw^een percentage of bunt and percentage loss in 
yield wmsfouiid to be r = ±0.501 ±0.049. The regression of percentage 
loss in yield on percentage of bunt is shown. An increase of 5 per 
cent in bunt caused a decrease of about 4 per cent in yield. 

Glume color was shown to be controlled by a single genetic-factdr 
difference, a 1 : 2:1 ratio for brown, segregating, and w-hite having 
been .obtained. 
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Kernel color was found to be controlled by at least three genetic 
factors, \\ith a good fit to the theoretical 37:26:1 ratio for red, segre- 
gating, and white. 

The expression of awnedness was shown to be rather variable, but 
by grouping different segregating types a good fit was shown for five 
phenotypic classes and for seven genotypic groups. Two major fac- 
tors are clearly shown, with a 1:8:4:2:1 phenotypic ratio for five 
awnedness classes. No important relation was found between awned- 
ness on the one hand and bunt or yield on the other. 
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RHABDITIS LAMBDIENSIS, A NEMATODE POSSIBLY 
ACTING AS A DISEASE AGENT IN MUSHROOM BEDS ' 

By G. Steiner- 

Senior Nernatologistj Division of Nematology^ Bureau of Plant I ridustrij, United 
States Department of Agricidture 

INTRODUCTION 

Recently, Prof. L. Haseman, of the College of Agriculture, Univer- 
sity of Alissouri, submitted larval and adult nemas that according to 
his observations had been destructive in mushroom beds in Leeds, 
Mo. Professor Haseman writes: 

Two or three weeks before the complaint was received I saw the mushroom 
cellar and it was in perfect condition as regards the development of the mush- 
rooms and the complete absence of insect pests and other enemies of mushrooms. 
All of a sudden, apparently due to overwatering, a portion of the house showed the 
work of these little worms. They appeared on the beds as well as on the top of 
the mushroom caps. A dozen or so worms of varying sizes could be found in a 
little decaying pit on the top of the cap and from day to day the size of these 
decaying pits increased, and I take it multiplication or development of the worms 
continued. Eventuall}' the entire mushroom would decay. 

^ According to the grower, some of the beds in one cellar were prac- 
tically ruined. The present paper reports the results of an investiga- 
tion of this problem. 

RHABDITIS LAMBDIENSIS AS A DISEASE AGENT 

The ^Svorms ’’ submitted b}^ Professor Haseman proved to be nemas 
of the species Ehabditis lainMiensis Maiipas. Rhabditis species are 
usually saprophytic or saprozoic, although a few are known to para- 
sitize man and animals and many occur in diseased plants. JS. tamh- 
diensis has been reported under the name B, monhystera Biitschli ^ (1) 
on decaying leaves of banana plants in Fiji, and (2) from fresh and 
living grass and on celery in Australia/ and under the name B. lamb- 
diensis (3) from moist soil in three localities in French North Africa.^ 
It is further known to have occurred in decaying plant material in 
Washington, D. C., and in Salem, LRah.^ 

POSSIBLE RELATIONSHIP BETWEEN RHABDITIS AND THE 
PRESENT MUSHROOM DISEASE 

The association of Bhubdifis lambdiensis with mushrooms may be 
interpreted in several ways. A saprophytic organism may live (1) on 
the contents of the cells of a dead plant (more or less decomposed), 

J Received for publication Aug. 10, 1932; issued April, 1933. 

^ For the literature references citing the works of Falconer and of Elliott (footnotes 7 and 8) the writer is 
indebted to Neil E. Stevens and E. B. Lambert, of the Division of Mycology and Disease Survey, Bureau 
of Plant Industry, U. S. Department of Agriculture. 

3 Cobb, N. A. nematodes, mostly austealian and fuian. In Fletcher, J, J. The i^Iacleay Memo- 
rial Volume, p. 252-308. Sydney. Reprinted in N. S. Wales Dept. Agr., Misc. Pub. 13: 29. 1893. 

^ Cobb, N. A. Op. cit. 

5 Maupas, E. ESSAis D’HYBRiDATiON CHEZ DEs NEMATODES- Bul. Biol. France et Belg. 52: 466-49S, 
illus. 1919. In connection with the taxonomic position of the present species, compare also: 

AIan, j. G, de. das mannchen dee eha-bditis monhysteea BfjTscHLi. Zool. Anz. 70: 51-57, illus. 
1926. 

6 Oral communications by B. G. Chitwood, of the Zoological Division, Bureau of Animal Industry, and 
G. Thorne, of the Division of Nematology, Bureau of Plant Industry, U, S. Department of Agriculture. 
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(2) on the siibstonce of the cell walls, (3) on the bacteria or fungi a^o- 
ciated with decay, or (4) on waste material due to decay "-producing 

In view of the fact that some Khabditis species are known to teed 
exclusiTely on fungi, bacteria, or gelatinous products of bacteria, it 
seemed possible that this might be true of Bhahddis lambdtensis also. 
To determine this, the contents of the intestinal tract of a number of 
specimens were carefully examined. Agglomerations or balls of bac- 
teria were found in the pharynx and in the anterior portions of the 
intestme. This led to the conclusion thab B. lambdiensis, if not the 
primary cause of the present mushroom disease, may act as a carrier 
of pathogenic bacteria. In 1910 William Falconer^ mentioned a 
iiiiishrooni disease identical with the one here dealt with, or at least 
very similar to it. He calls it “black spot,” and considers the cause 
to be eelworms (Angiiilliilae). He explains that brown spots, streaks, 
or freckles appear on the top of the mushroom caps, increasing in 
distinctness and breadth with age. The presence of neinas in all these 
spots led Falconer and those whom he consulted to believe that these 
Anguillulae were the cause of the disease. The blackspot or brown- 
spot disease of mushrooms was later I’ecognized as of bacterial origin 
by various aiitliorities.^ It therefore seems that the pathogenic agent, 
Bacieriim. tolaasi (Paine),® may act alone or together with nemas. 
It is impossible from Falconer^s account to recognize the nemic 
species involved. The term “Anguillulae” applied by him undoubt- 
edly means nemas, or eehvorms, in general, and is not a plui'al of the 
generic name Anguillula, which includes only the vinegar eel and a 
few related forms. It is therefore possible that Falconer's eelworms 
were similar to R. lambdisnsis or identical with it. 

The statement of Falconer and his associates, as W'ell as Professor 
Haseman's observations on the relationship of the nemas to the dis- 
ease, are imdoubtedh^ pertinent. The nema, however, is the second- 
ary agent. Nevertheless, in the present case it almost equals in 
importance the primary cause of the disease. It has been repeatedly 
pointed, out that saprophytic and saprozoic nemas are important 
agents in the distribution of bacterial and fungous diseases of plants. 
It is known that these nemas travel readily on moist surfaces. Since 
muslii*oom beds must be sprinkled regularly, there is an opportunity 
for the Rhabditis to spread quickly, caiTving along the pathogenic 
bacteria attached to the body surface or the oral openiug, in the 
pharynx (the contents of which are sometimes emitted again), or in 
the intestme, from which they are discharged Avith the feces. 

MORPHOLOGY OP RHABDITIS LAMBDIENSIS 

It will be seen that the present description differs somewhat from 
that of Maupas and also from that of Cobb for Rhabditis mon- 
bjdem (declared by Maupas to be a synonym of R, lambdiensis) iTom 
Fiji and Australia, especially in regard to the structure of the lip 
region and the arrangement of the bursal ribs. It is, how^e ver, thought 
that these slight differences may represent individual variations or 
difficulties of observation, especially of the lip region. 


* Falconer, W. mushrooms: how to grow them: a practical treatise on mushroom culture 
FOR PROFIT AND PLEASURE, p. 124-126. New York. 1910. 

^ Eluott, C. MANUAL OF BACTERUL PLANT pathogens., -p. 227. Baltimore. 1930. 

® .Elliott, C. Op. eit., p,. 2^227. 

■^'WlAUPAS, E. op. cit. ' 
n Co.BB, N. A. op. cit. 
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THE CUTICLE 

The cuticle is rather complicated because the annules are reticu- 
lated (areolated) and have points, granules, and ridges that show con- 
siderable variability, especially in different regions of the body. Fur- 
thermore, these cuticular structures seem to vary in individuals. The 
regular reticulation, for example, extends much farther back in some 
specimens than in others. Immediately posterior to the lip region, the 
cuticle is simply annulated. The reticulation begins in the latitude 
of the anterior end of the esophagus. Here one sees the beginning of 
an areolation due to the appearance of small ^^shields’^ with rounded 
posterior edges, seen with remarkable plainness when the animal 
moves. vSoon quadrangular areolae appear (figs. 1, F, and 2, A~H) 
accompanied by one or two points or rods; still farther back the 
areolation is not apparent but may reappear toward the tail end. 
However, transverse series of points may be seen all along the body, 
sometimes distributed rather profusely and irregularly. (Fig, 2, 
A-H.) On the lateral surface of the anterior portion of the body, at 
least, longitudinal crenate wings can be seen in considerable numbers. 
From optical profile views it is concluded that the points mentioned 
above are not surface structures but are located under the first cuticu- 
lar layer. (Fig, 2, B, D, F, and H.) 

DEIRIDS AND PHASMIDS 

A deirid or cervical papUla was seen in the latitude of the nerve 
ring. As it did not protrude, it was recognized only when seen in 
profile. (Fig. 2, K.) On the male occurs a similar papilla, about 
three spicula lengths in front of the anus. (Fig. 2, L.) This was at 
first thought to be one of a series of lateral papillae, such as are found 
in other nemic forms, but no such series w-as located. Phasmids were 
not seen, although they were probably present. Maupas's drawing 
could be interpreted as having them. 

THE LIP REGION AND ITS SENSE ORGANS 

All the writer’s specimens had 6 lips, each with somewhat angular 
outlines. (Fig. 1, A, B, and F.) Undoubtedly Maupas was mistaken 
in assuming the presence of only 3 lips. His drawing of the frontal 
view of the head shows 3 groups of 2 lips. In the present case and as 
here figured, no grouping was seen. Contrary to Maupas’s account 
and contrary also to Cobb’s descriptions of his Rhabditis monhystera, 
in wdiich mention is made of only 1 setalike papilla for each lip, 3 
papillae were seen on each submedial lip and 2 on each lateral lip. 
In front view, each submedial lip showed a group of 2 papillae belong- 
ing to an outer circlet and 1 papilla belonging to an inner circlet. The 
lateral hps, however, have apparently onl^r 2 papillae, an inner and an 
outer one, both rather indistinct. The papillae are not setiform, but 
simply minute elevations. Inasmuch as Maupas’s drawings show 
setiform papillae there is a possibility that thepresent form is different. 

The lips are separated by rather wide and apparently deep furrows 
which lead outward to rounded excisions (fig. 1, B), intensifying the 
angular appearance of the lips. The amphids, not hitherto described 
for the present species, seem papillate if superficially seen. Close 


12 Matjpas, E. Op. cit. 


13 Cobb, N. A, Op. cit. 
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Later^ view of head end; ds-mbmppiaoTsomibrn^dml 
apparatus: op amph, opening of the amphid; op oe gL opening of an esnoh 
ap, prebuccal apparatus, x Shout 1,600 S 
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observation shoe's that they open slightly dorsad from the outer 
lateral papillae. Figure 1, A and F, shows side and proffle views of 
them. The so-caUed amphidial pouch (sensilla) is apparently gourd- 
shaped or flask-shaped, extending inward to nearly the beginning' of the 
esophageal region and widening in the postlabial portion. A number of 
nerve terminals were faintly discernible inside the pouch. Posteriad 
this structure connects with its nerve, which by close observation could 
be followed nearly to the nerve ring. 


THE ALIMENTARY TRACT 

The vestibule consists of a cuticular apparatus at the base of the lip 
region, which can be seen best on living specimens, preferably in side 



Fig PEE 2,—Rhabditis lambdkmis: A, Surface view of reticulation of cuticle, anterior to median Tbulb; 

B, profile view of A; C, surface view of reticulation of cuticle, near excretory pore; D, profile view 
of C; E, surface view of reticulation of cuticle, middle region of the body; F, profile view of E: G 
surface view of reticulation of cuticle, in front of spicula; H, profile view of G; I, surface view of 
excretory pore; J , deeper focus on excretory pore; K, deirid, profile view; L, lateral papilla on male, 
three spicula lengths in front of anus; M, blind end of testis. A-L, Free-hand sketches; M, X 
about 370 ' ' ^ 

view ; its parts closely resemble teeth, especially when moving. How- 
ever, its function may be mainly that of supporting the exceedinglv 
mobile hp region. Doubtless in structure and function this prebuccal 
apparatus is similar to, if not hornologous with, the so-called glottoid 
apparatus behind the buccal cavity. Both are verv mobile sections 
separating more rigid parts. The walls of the buccaf cavity are not so 
thick as in many other species of Rhabditis. There is an encircling 
ling at the beginning of the last fourth of the cavity and another at the 
end of the first fourth. These rings probably are markings, the former 
produced by muscle attachments and the latter by the attachment of 
the esophagus. 

The esophagus looks like that of other Rhabditis species. There ai'e 
3 esophageal or salivary glands, 1 dorsal and 2 ventrosubmedial. 




432 


VoL 46, No. 5 


Journal of Agricultural Research 


Tlie iiiicleiis of eacli is located in the cardiac bulb. A npTOW canal 
with, sliglitlj thickened walls leads from eacli^gland anteriad through 
the isthmus; as the canals reach the oval medial bulb the thick linmg 
disapj3ears, and they seem to mdeii' to a cylindrical granulated portion 
traversing this bulb and connecting anteriad with a canal of thickened 
walls which empties into the esophageal lumen a short distance behind 

the glottoid apparatus. It appeared 
at first as if the 3 glands emptied into 
the esophagus where the cuticularized 
canals left the isthmus and entered 
the medial bulb; but a more detailed 
study proved that the granular por- 
tions in the medial bulb were appar- 
ently connected with the canals. 

Six cells form the circumference of 
the intestine. The initial portion of 
the intestine (fig, 3) is lighter colored 
and much more transparent than the 
rest, as the cells in that region are thin- 
ner than those posteriad. The intes- 
tinal lumen in the prerectal portion is 
highly sinuate, the individual cells often 
forming villilike processes extending 
into the intestinal cavity. A ^^Stab- 
chensaum’^ is well developed along the 
entire intestine, Proximad the rectum 
has the usual three rectal cells. 

THE EXCRETORY SYSTEM 

Maupas described the excretory sys- 
tem of the present form as being of the 
H type, consisting of two anterior and 
two posterior lateral branches. The 
observations of the writer seem to con- 
firm this; the canals, however, were 
seen only a short distance and are sin- 
uate. A ventral view of the common 
outlet showed what seem to be radial 
muscular fibers around its proximal 
portion (fig. 2, J),^ where it is some- 
what wider than at its intersection with 
the cuticle. It is possible that this may be the portion that serves 
as the ^^piiisating^^ vesicle seen in certain other species of Rhabditis. 

THE FEMALE SEXUAL APPARATUS 

The female sexual apparatus is of typical prodelphic character. 
There is practically no sign of a posterior uterine branch; the anterior 
one, however, is very large and in adult females is filled with numerous 
eggs wliieh sometimes contain fairly advanced embryos. There is a 
distinct oviduct (fig. 1, G) ; its end portion is refi[exed and connects 
with the ovary, which in some instances was seen to extend back 



Figuee ^.—EhabdUin iambdiensiSf anterior 
portion of a female: can m gl^ canal leading 
from esophageal or salivary glands; gt can, 
cylindrical granulated portion of canal; 
p gU smsition of the nuclei of esophageal or 
salivary glands; iTun ini, transparent por- 
tion of intestinal cells. X about 370 
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almost to the viiiva. The end of the ovary is shown in Figure 1, D; 
no differentiated terminal cell "was seen. Some of the females exliibited 
so-called copulation marks,, i. e., the vulvar opening was covered with 
a hardened brownish mass, the remains of a cement apparently 
produced by the male during copulation. 

THE MALE SEXUAL APPARATUS 

The male genital system has a reflexed testis similar in structure to 
the ovary. The copulatory apparatus is highly complex because of a 



Figure i—EkabdUis lambdiensis^ posterior portion of male; A, Ventral view; B, lateral view, an, 
anus: brs, bursa; cem gl ?, cement gland (?); dsl pro gub, dorsal protrudor muscle of gubernaculum; 
dsl pro sp, dorsal protrudor muscle of spicula; gubernaeulum; min ej gl, small ejaculatory 
gland (2); msc brs, muscles of bursa; pr~an ppl, preanal papilla (2); psU an, pustules surrounding 
anal region; ret gl, rectal gland (3); rctr sp, retractor muscles of spicula; rib brs 1-2, ribs of bursa 
1~2; rib brs S~6, ribs of bursa 3-5; rib brs 6-9, ribs of bursa 6-9; sp, spicula; vnf pro gub, ventral pro- 
trudor muscle of gubernaculum; mt pro sp, ventral protrudor muscle of spicula; wid can, widening 
of outlet canal. X about 720 

nnmber of accessoiy organs. There is a pair of almost straight spicula 
(fig. 4, A and B) slightly cephalated at the inner end, the whole some- 
what resembling the blade of a knife, A single gubernaculum was seen, 
similar in shape to the spicula, but only two-thirds as long. (Fig. 4, 
B . ) The following muscles were connected with this spicular appara- 
tus: (1) A long retractor muscle attached to the inner end and running 
obliquely forward to the dorsolateral body wall, (2) a ventral protrudor 
muscie attached also to the inner end of the spicula and to the ventral 
body wall in front of the anus, (3) a dorsal protrudor muscle connect- 
ing the inner spicula ends with the proximal end of the gubernaculum, 
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(4) a yeiitral protriidor giibernaciili connecting the inner end of the 
giiberiiaciiiiim and the ventral bod}"^ wall back of the anas, and (5) a 
dorsal protriidor giibernaciili attached to the inner end of the giiber- 
iiacniiiiii and to the dorsal body wall. 

As shown in Figure 4, B, there is also a series of so-called bursal 
niiiscles present, extending from near the anterior end of the bursa 
to the middle of the tail. The bpsa has very typical characters. 
It begins slightly in front of the spicula and surrounds the tail com- 
pletelv, (Tig. 4, A and B.) Its surface structure is much like the 
eiitide, although not so regular. Figure 4, A and B, shows the stria- 
tion of such a bursal wing. The ribs as seen in all the present material 
have a slighti}" different arrangement from that figiirecl by Maiipas 
and that sketched by Cobb for his Australian specimens. There 
were probabh’ 9 ribs in each of the specimens. Cobb mentions only 
8 for his specimens, although his drawings show that there might 
have been 9. However, one of the group of 5 close to the tail end is 
very difficult to see and perhaps escaped the observer’s notice. There 
is a pair of ribs in the latitude of the middle of the spicula. This 
pair seems to be constant and has been reported at the same place 
by all observers. Both ribs reach the edge of the bursa and each has 
a distinct terminal papilla. The second group of ribs is about in the 
latitude of the anus or slightly in front of it. According to Maupas’s 
description, there am also 2 ribs in this group; this agrees with obser- 
vations of the wniter. In one of the specimens (fig. 4, A), how^ever, 
3 ribs were seen in this group in the left bursal wing. This is very 
significant because the forms described by Cobb from ilustralia seemed 
to have this as the normal number. It is therefore concluded that 
this species varies in this character. The last group, if normal, con- 
sists of 0 ribs which are close to the tail end. Maupas drawls these 
ribs as slightly spaced, but in the winter’s material they were close 
together. (Fig. 4, A.) Possibly there is some variation also in this 
regard. One rib, which seems to fluctuate somewhat between the 
second and the third group, apparently is onli^ half as long as the 
others and ends on the outer surface of the bursa. Moreover, this 
rib differs from the others in tapering distally. The anterior rib of 
the second^ group likewise ends on the outer surface of the bursa, 
with a distinct point; the posterior one, how^ever, extends to the rim 
of the bursal wing. The 4 posterior ribs of the third group likewise 
differ in this respect; the first one extends to the bursal rim, the second 
does not quite reach it and is seemingly turned oiitwuird, the third 
reaches the bursal rim, and the fourth ends on the outer surface 
apparently about halfway to the rim. Each of these 4 ribs ends with 
what seems to be a pointed papilla. 

The anal region of the male, especially the part in front of the anus, 
protrudes in a most remarkable way (fig. 4, B) ; a broad elevation is 
formed through which penetrates the outlet of what seems to be the 
cement gland. In ventral as well as profile view one observes an 
ampullnlike widening of the outleading canal. (Fig. 4, A and B.) 
It is, how’^ever, difficult to connect this with the cemeiit gland itself, 
which seems to be a large body located yentrad of the intestme and 
ejaculatory duct in front of the spicula. It is rather strange that this 
gland should be single in the present species, whereas it is paired in 


:Mai;pas, E. op. Ut, 


Cobb ,isr. A. Op. cit, 
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other species of Rhabditis. Chitwood points out that in some species 
of Rhabditis there exist still_ other glands in this region which in 
structure can not be differentiated from the cement glands and that 
it is not even established which of the glands produce the cement. 
He therefore designates the large pair (the “cement glands” of other 
authors) as “large ejaculatory glands” and the others as “small 
ejaculatory glands.” 

In the present species, two small ejaculatory glands are present 
(fig. 4, A) in addition to the triple rectal glands" 

At present Rhabditis la mbdiensis is the only species that has a preanal 
outlet for the cement gland opening on top of a large papillate elevation. 

Still another rather remarkable character typical of this species is 
the presence of a considerable number of small round pustules arranged 
in circular series surrounding the anal opening. 

In front of the papillate elevation previously mentioned is what 
seems to be a pair of preanal papillae, structures not hitherto seen in 
Rhabditis. They are rather obscure and are seen distinctly onlv in 
a ventral view. These papillae may be the openings of the two small 
ejacidatorv glands. 

SUMMARY 

Bkabdiiis lambdiensis Maupas is described as a probable carrier 
and distributor of a pathogenic agent {Bacterium tolaasi) in mush- 
room beds and cellars. Its relationship to the so-called black-spot or 
brown-spot disease of cultivated mushrooms is discussed. A detailed 
description of the nenia is given, including new data on the morphology 
of this species and on that of the genus in general. 

Chitwood, B. G. studies on some physiological functions and morphological characters of 
EHABD iTis (RHABDitidae, NEMATODES). JouF. Morph. and Physiol. 49: 251-275, illus. 1930. 
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ELIMINATION OP NATURAL MORTALITY AS A FACTOR 
IN DETERMINING THE EFFECTIVENESS OF HYDRO- 
CYANIC ACID GAS ON THE CALIFORNIA RED SCALE ^ 


By F. S. Stickney, Associate Entomologist, and H. R. Yust, Senior Scientific 

\Aid, Dwisio7i of Fruit and Shade Tree Insects, Bureau of Entomology, United 

States Deparhneni of Agriculture 

INTRODUCTION 

In tests on the fumigation of the California red scale [Chrysom- 
phalus mirantii Mask.) with hydrocyanic acid gas, natural mortality 
as ordinarily considered has ranged from 1 to 71 per cent. This has 
introduced so large an error in experimental tests as to render precise 
results almost impossible. Therefore, an attempt has been made to 
establish qualitatiTe tests, based, on such phenomena as changes in 
color and conformation, by which the scales killed by treatment 
could be distinguished from those that died naturally. Though a 
complete separation has not been possible, the number of dead scales 
occurring on untreated, or check, lemons which are indistinguishable 
from those killed on recently fumigated fruit have proved to be few. 
However, it has been found that the scales dying from natural causes 
bear a nearly constant ratio to the number of living scales plus the 
number of dying scales. This paper is concerned with the amount of 
fluctuation that one may expect in natural mortality, as defined by 
these new criteria. 

When the California red scale is killed by treatment with hydro- 
cyanic acid gas, it becomes darker in color and then gradually dries 
out. Scales dying naturally go through a similar change. An attempt 
was made to determine what factors control the numbers of these 
dying scales. To simplify the problem, it was decided to use only 
lemon fruits, and to make counts exclusively of the female in the later 
periods of her development. At this time the female is relatively 
large and bodily changes can be noted with less chance of error than 
is possible during the earlier periods of her development. She is 
also more resistant to hydrocyanic acid gas. The stages used were 
the fully developed second stage, the gray adult, and the mature 
adiilt.^ On dying, the scales in these three stages first grow darker. 
Color changes are practically completed before the drying-out process 
begins. The color of the insect during the fully developed second 
stage becomes a dull brown to a dark reddish brown, that of the 
gray adult a dull gray to almost black, that of the mature adult a 
dirty reddish to blackish red brown. In drying out, the individuals 
become increasingly viscous, as can be recognized by probing but by 
no other means, so far as the writers know-, up to the time they are 
nearly dry. Shriveling may or may not accompany the drying-out 
process. 


1 Eeceived for publication June 3, 1932; issued April, 1933. 

2 The term “fully developed second stage” is applied to that part of the second stage from the time the 
individual has reached approximately its largest diameter and is becoming shiny, but before the derm has 
tbicfcened, up to ecdysis; “gray adult” is applied to that part of the third or adult stage from the time of 
ecdysis until the individual has reached approximately its largest diameter and is becoming shiny and 
beginning to darken; ^‘mature adult” is applied to the adult stage beyond the gray adult one. 
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Tlie experimental data show that the ratio of dying to living plus 
dying scales of the total number in the tlnee periods from untreated 
fruits in fair condition varies but little-; even though the factors in- 
volved may differ. This is not true for the ratio of living or of dead 
scales to the total scale count; where those already dead and. dried out 
are also included. The ratio of dying scales to living plus dying scales 
on untreated fruits shows so little variation that by taking the 
weighted mean of a moderate number of samples a satisfactory value 
for expressing mortality can be obtained. This value may then be 
used in eliniinating the natural mortality from counts on treated 
samples. The terms ^ ^mortality’' and natural mortality ^ occurring 
hereafter; when used without explanation; refer to the ratio of dying 
scales to living plus dying scales present; expressed as a percentage. 

STABILITY OP MORTALITY VALUES ON UNTREATED CHECKS 

To be of broad applicability for experimental tests, the value for 
expressing natural mortality should be satisfactorily^ stable under a 
variety of conditions encountered in practice. The writers have found 
that the following factors do not definitely influeixce this value as 
obtained by their method: Different locations on the same tree; 
corresponding locations on different trees; different locations on 
different trees ; size of fruit (samples ^ ranged from 1% to more than 
2 inches long); severity of infestation (single samples ranged in 
total counts from 16 to 600 scales); protection by overhanging foliage 
(records were from a grove rather sparsely foliated); time of year 
(December 3, 1930, to January 12, 1931, for one grove, and January 
22 to May 21, 1931, for another) ; and time and conditions of storage 
after collection (from none to 50 days under temperature conditions, 
all approximately uniform, ranging from 13® to 26® C.). As for fruits 
of varjdng conditions, counts from those scales that are beginning 
to dry out noticeabty still show the same general mortality at first, 
but eventually the mortality rises rapidly. In comparing mature 
or yellow fruits of good condition with immature or green fruits of 
like condition, the writers have observed a slightly higher mortality 
for the yellow fruits in the average of a considerable number of 
counts. The above-mentioned conclusions have been drawn from 
a total count of almost 25,000 scales, where all factors except the 
one under investigation were made as nearly alike as possible. 

To give an idea of the stability of the mortality values obtained 
by the writer’s method as compared with the usual practice of 
obtaining the net moiTality of treated material from the ratio of 
live scales to the total number of scales on checks, two frequency 
distributions have been plotted. (Fig. 1.) The data were obtained 
from counts on 63 lemons, all green or immature, in good condition 
and collected from a single grove during two periods in 1931, that 
is, from January 22 to February 20 in the winter and from May 
8 to 21 in the spring. The coliections in the winter period were 
stored trom 3 to 21 days at 13® C,, those in the spring period were 
not stored. Chunts of the latter were made on the day the samples 
were collected or on the following day. The abscissa of the chart 
gives, in terms of percentage, the ratio of living to living plus dying 

ex'duskToTrf ^ referred ta as dying. Living scales denote live scales 
« .In this paper a sample refers to an individual lemon ML 
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scales obtained from tlie fonniila 


.1 


A + Dy 


and tlie ratio of to 


total iiimiber of scales (excluding empty sliells) obtained from tiie 
forniiila which A refers to, liying... scales^ Dy to dying 

scales, and Dr to dead, dried scales. The percentage of mortality, 
expressed by the formula course, obtained by siib- 


/I 


A^Dy 


tracting the value for from 100 per cent. The abscissa is 



28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100 
(SHADED) AND ^y^Tor EXPRESSED IN PERCENTAGE 


RATIOS ■ 


Figure 1.— Comparison of variability of the ratio of living scales to living plus dying scales {a+jA 
and tile ratio of living scales to the total number of scales J from the same counts 


divided into 1.5 per cent intervals. The numbers of live scales on 
each sample which fell in each 1.5 per cent interval on the abscissa 
were totaled and the ratio of this total to the total count of 4,809 
live individuals, expressed as a percentage, was placed in the ap- 
propriate interval on the abscissa and read from the scale on the 
ordmate. This was done both for the ratio of living to living plus 
dying scales (shaded columns) and for the ratio of living to living plus 
dying plus dead and dried scales (black columns). It is seen that 
the range of mortality obtained by the writers’ method is natyow 
(0 to 9 per cent), whereas that obtained by the usual method is so 
wide as to introduce a real error in its use. 
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In Table 1 a series of total counts is presented to show the relation 
of tile mortality ratios to date of collection, temperature at which 'the 
fruit was stored (if the counts were not made promptly after collec- 
tion), and condition of fruit, in three widely separated groves in the 
Whittier (Calif.) district. Considering the data from grove A, it is 
seen that counts of fruits collected between January 22 and February 
20 and stored from 2 to 10 days in a relatively cold medium (Group 1) 
show practically the same mortality as counts from fruits collected 
3 months later and not stored (Group 2); that counts on fruits 
stored for about the same length of time in a distinctly warmer envi- 
ronment (Group 6) show approximately the same mortality as those 
stored at the lower temperature (Group 1). This is true also for 
fruits distinctly drying (Group 5) when compared with fruits in good 
condition (Group 2). The mature fruits (Group 3) are seen to have 
a slightly higher scale mortality than comparable green fruits in good 
condition (Group 1). Group 7 represents the data for those fruits 
collected at the time indicated which did not dry out. The mortality 
on these fruits, which were stored from 8 to 50 days, was but little 
higher than that on the fruits in any other group and was slightly less 
than that on the mature or yellow fruits. The range in mortality for 
the seven groups in grove A is only 2.7 per cent, whereas the ratios 
of live scales to total scale count show a range more than twelve times 
as great, or 36.7 per cent. 

The mortality data for groves B and C are in harmony with the 
corresponding data for grove A. Grove B had been much neglected. 
The fruits were collected earlier than those from grove A and the 
storage conditions were not under such satisfactory control as for the 
fruits from groves A and C; also the humidity was lower in both storage 
media. Any or all of these factors may have exerted an influence in 
producing a slightly higher mortality on fruits from grove B. When 
the counts on fruits composed of groups most nearty equivalent from 
groves A and B were compared, however, the difference in mortality 
was found to be only 2.3 per cent (Table 2), but the percentage of live 
scales in the total scale count differed by 13.5. 


Table 2. — Comfarison of the ratio of living scales to livmg plus dying scales 

an<i the ratio of living scales to the total number of scales £)r ) 

from combined counts on fruits consisting of groups most nearly equivalent from 
two different groves 



Period of 
collection 

Group 

No. 



Scales 



Ratios 

Grove 

used 

A 

Dy 

Dr 

A-^Dy+Dr 

A 

Dy 






A-tDy 

A-^DV 

A+nf.-j-Df 




Num- 

ber 

Num- \ 
ber 

Num- 

ber 

Nttm- 

ber 

Number 

Per cent 

Per cent 

Per cent' 

A:-... 

Jan. 22 to May 
21, 1931. 

1,2, 3, 6 

71 

6,773 

198 

1, 935 

8, 906 

97.2 

,, : 2.8 

. 76., 0. 


Dee. 3, 1930, to 
Jan. 12, 1931. 

8. 9, 10 

70 

5,860 

316 

3,207 

9,383 

94. 9 

5.1 

62.5" 


Total or wei; 

ghted mi 

3an— — 

12,633 

514 

5, 142 

18,289 

96.1 

"3.9' 

'■ 69. 1 


The mortality in the three periods, when considered separately, 
’was found to check well with the combined mortality. The data in 
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Table 3 were obtained on fruits in like eondition collected from one 
«TO'\'e on t.-wo different occasions. In both cases the mortality was 
s!i2:ht!T lower for the fully developed second stage than lor the two 
adiilt kages. The results for both gray adult and mature adult were 
somewhat dift'erent for the two sets of observations,^ but the average 
mortalities derived from the sum of the two sets of figures were prac- 
tically the same for both stages. 


Table ^.—Comparison of variabUiti/ of the ratio of living scales to living phis 
dying scales the ratio of living scales to the total miniber of scales 

( T"' female scales in the three later periods on fr uits co'tn- 

parahle 'in condition hut collected at two different occasions from the same grove 


Scales 


Period of collection 

Fully developed second stage 

Gray adult 

.4 

Dy 

Dr 

A+Dy-hDr 

.4 

DV 

Dr 

A-{-Dy-\-Dr 

1931 

Jan. 22.. 

N’limber 

711 

,844 

JSfumber 

11 

16 

Number 

64 

290 

Number 

786 

1,150 

Number 
958 
1, 079 

Number 

36 

25 

Number 

310 

7 IS 

Number 

1, 304 
1, 822 

A fay 19 to 21 

Total or weighted 

mp.ao 

1,555 

27 

354 

1,936 

2,037 

61 ' 

1, 028 

3, 126 



Period of collection ' 

■ 

Seales- 

-Continued 

Ratios 

Mature adult 


.4 


A 

A+Dy 

A+Dy+Dr 

! 

1 

A 

Dy 

Dr 

A^Dy+Dr 

Fully 
idevel- 
!oped 
' sec- 
ond 
stage 

Gray 

adult 

Ma- 

ture 

adult 

Fully 

devel- 

oped 

sec- 

ond 

stage 

^ Gray 
adult 

i 

1 j 

Ma- 

ture 

adult 


Num- 

Num- 

Num- 


Per 

Per 

Per 

Per 

Per 

Per 

1931 

her 

her i 

her 

Number 

cent 

cent 

cent ! 

cent 

cent \ 

cent 

Jan. 22... 

fi64 

23 1 

183 

1, 170 

98. 5 

96. 4 

97.7 

90. 5 

73.5 i 

82.4 

May 19 to 21, 

401 

19 1 

303 

723 

98. 1 

97.7 

95. 5 j 

73.4 

59,2 

55. 5 

, Total or weighted mean 

1,365 i 

1 

42 

486 

1,893 

98.3 

97. 1 

97. 0 

80.3 

65. 2 

72. 1 


In Figure 2 sLx frequency distributions liave been plotted, in the 
same manner as in Figure 1, to illustrate variability of -r - fn ' 


A + Dy 

related to the grove from which the fruit was collected, period of 
collection, whether or not the fruit was stored, and, if so, at what 
temperature. The first four distributions (A to D, inclusive) are 
represented by Groups 1, 2, 7, and 8, respectively, in Table 1, and the 
fifth and si.xth distrihutions (E and F) by the data for groves A and 
B, respectively, in Table 2. The percentages for the other groups in 
Table 1 are not plotted, since the number of samples was too small to 
bring out any significant results. However, Groups 3 and 6, and 9 
and 10, are included in frequency distributions E and P, I’espectively. 
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Tile n-eiieral tro rids indicated in the six frequency distributions may 
be siatiHl biiefly as follows: In the aggregate practically the same per- 
reii iaiiv ol live scales occurs in A and B, but in A the percentage falling 
ill tlie interval 97 to 98.5 per cent is more than three times that in any 
other iiitervah those in . the intervals on either side of this one are 
iieaihm^qiial, and there is a sharply reduced percentage in the next 
lower interval ; whereas in B the largest percentage, which is not twice 
that of any other interval, falls in the interval 98.5 to 100 per cent, 
and there is a decreasing percentage in the lower intervals. In C no 
interval shows a decided concentration of scales, the percentages 
being fairly evenly distributed in the six intervals extending from 91 



from counts on fruits with ttie following factors involved: Grove from which collected, period of 
collection, whether stored or not, and, if so, the storage temperature. The frequency distributions 
are represented by the folloyring groups in Table 1: A, Group I; B, Group 2; C, Group 7; D, Group 
8; E, Groups 1 2, 3, and 6; F, Groups 8, 9, and 10. a represents the count from a single sample 

to 100 per cent. In D there is some concentration of scales in the 
interval 97 to 98.5 per cent, but the remainder are well distributed 
in the next liigher and in the next eight lower intervals. In E the 
distribution resembles that of A, but with a less marked concentration 
in the interval 97 to 98.5 per cent, and a correspondingly larger per- 
centage in each of the other intervals on either side of it. In F the 
general range of distribution is like that of D, but more evenly dis- 
tributed in the four intervals between 94 and 100 per cent. The per- 
centage values of one to three intervals in each of the frequency dis- 
tributions except one appear to be more or less aberrant; that is, 
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these values are larger than would be expected from the positions ot 
their intervals, wliicli also may be separated from the others by blank 
intervals. This state of affairs may be due, at least in part, to the 
fact that these apparent aberrant values are derived from counts on 
single saiiiples. 

METHOD OF ELIMINATING NATURAL MORTALITY IN TESTS ON 
FUMIGATED SPECIMENS 


Thus far only the natural mortality on untreated checks has been 
considered. In order to use these results in experimental tests, the 
fiiiiiigated scales must be counted after all those killed by treatment 
are distinguishable from living survivors by the criteria already 
presented, but before they have dried out enough to be confused with 
those that died before ti'eatment. When fruits were stored promptly 
after treatment with h 3 ^drocyanic acid gas in the controlled rooms of 
the lowest (13^ C. or 55.4° F.) and highest temperatures (26° C. or 
78,8° F,) in wliicli approximately 78 and 72 per cent relative humidi- 
ties were maintained, respectivelx^, all dying scales in the three periods 
could be distinguished four da^'S afterwards. Counts could be con- 
tinued with certaint^y for a week in the 26° C. environment and for 
two weeks in the 13° C. environment. 

To eliminate the natural mortality in tests on fumigated samples 
counted in this way, the procedure is simpty to multiply the number 
of living plus dying scales on the treated fruits by the percentage 
mortality on the corresponding cheeks as determined by the methods 
given here. This gives the number of individuals that are considered 
to be naturally d}dng. On subtracting this number from the number 
counted as dying, the number of scales actually killed by treatment is 
obtained, whicli is then compared with the number of survivors to 
secure the correct percentage of mortality due to the treatment. 
Twn examples are given in Table 4 to illustrate the elimination of 


natural mortality from treated samples by means of tlie ratios 


and 


4 + Dy 

of the checks. The data for the checks, besides 
7 and 13) for each treatment 


A + Dy + Dr 

being presented collectively (records 
concerned, are given individually to bring out the variability in the 
numbers of scales involved and in the values for the ratios. The net 
mortality for each set of treated samples is calculated from the col- 
lective ratio values (records 8 and 14) and also from the extreme 
ratio values (records 9 and 10, 15 and 16). It is observed that in both 


sets the collective net mortality values obtained from the ratio 

Ai-Dy 

are lower, and the extremes show distinctly less variability, than those 


obtained from, the ratio 


.4 

A + DyArDr 
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If it proves impossible to make adequate counts on natural mor- 
tality for use as given here, there is sufficiently small variation in the 
results obtained to justify an approximation. For female red scales 
from the fully developed second stage to the mature adult stage on 
lemons under field conditions similar to those at Whittier, Calif., a 
natural mortality of 4 per cent, exclusive of dried individuals, may 
be assumed. Though this figure is not based upon a full year’s 
record, the work covers six months and includes the winter and spring 
seasons, 

SUMMARY 

In tests of hydrocyanic acid gas as a fumigant against the Cali- 
fornia red scale {Chryso7nphalus aurantii Mask.), natural mortality 
as ordinarily considered varies so widely that better means of esti- 
mating it have been sought. By using lemon fruits exclusively and 
the three later stages in the development of the female only^ — that is, 
the fully developed second stage, the gray adult, and the mature 
adult^ — qualitative tests based on such factors as changes in body 
color and conformation have not given a satisfactory separation 
between natural mortality and mortality produced by treatment, 
which are mixed on treated samples, for any of these three periods. 
It has been found, however, that in each of the three periods natural 
mortality bears nearly a constant ratio to the number of living plus 
dying scales on untreated samples irrespective of a large number of 
varying factors ordinarily encountered in practice. 

When counted at the proper time after treatment, practically all 
scales killed by treatment and those dying naturally can be dis- 
tinguished, chiefly by changes in color and in viscosity of body 
contents. By using the relatively stable values obtained to express 
natural mortality, this factor can be eliminated from such counts on 
treated samples and a considerably higher degree of accuracy can be 
obtained than is possible by the old method of estimating the natural 
mortality from the ratio of living scales to total scale count. 

This study indicates that it may be possible to determine constants 
for the correction of natural mortality in the California red scale, or 
in other insects, without separate counts for every experiment. 




THE POSSIBLE EFFECT OF HYDROGEN-ION CONCEN- 
TRATION ON THE ABSORPTION OP POTASSIUM AND 
PHOSPHORUS BY WHEAT PLANTS UNDER FIELD 
CONDITIONS^ 

By Jehiel Davidson 

Associate Chemist, Food Research Division, Chemical and Technological Research, 

Bureau of Chemistry and Soils, United States Department of Agriculture 

INTRODUCTION 

While studying the factors affecting the absorption of mineral ele- 
ments by plants, the writer showed that the hydrogen-ion concen- 
tration of the medium affects the absorption of potassium and phos- 
phorus by wheat seedlings grown in water cultures, ( 4 ) ^ More phos- 
phorus was absorbed from potassium phosphate solutions with initial 
pH values of 5.0 and below than from those with pH values of 6.0 
and 7.0. The results for potassium were not so definite as those for 
phosphorus. In several cases the absorption of potassium by the 
wheat seedlings was higher from the nearly neutral than from the 
acid solutions (pH 5.0 and below); in other cases the results were not 
consistent. 

The concentrations of potassium phosphate used in these experi- 
ments were, for reasons explained in the article referred to, relative^ 
high, but in concentrations as low as 14 parts per million of potas- 
sium and 12 parts of phosphorus (50 parts per million of monopotas- 
sium phosphate) the general character of the results was the same. 
From solutions of the lower concentrations (beginning with 500 parts 
per million of monopotassium phosphate), the absorption of potas- 
sium by the seedhngs was practically always higher when the initial 
hydrogen-ion concentration of the solutions had a pH value of 7.0 
than when it was 4.9. In view of the fact that potassium phosphate 
salts are all soluble it has been concluded that this effect of hydro- 
gen-ion concentration on the absorption of phosphorus and potas- 
sium is physiological in nature. 

EXPERIMENTAL METHODS AND DATA 

It is frequently difficult to corroborate under field conditions, 
where a large number of known and unknown factors are dealt with, 
the results obtained with water cultures, where the conditions are 
practically controlled. Although it is true that wheat is being raised 
on soils with a considerable range of reaction, comparatively few 
chemical analyses of such crops are available, because experiment 
stations and other research institutions experimenting with wheat 
have been interested primarily in yield problems. Moreover, chem- 
ical analyses of cereals, when they are available, are largely limited 
to the grain, the composition of which fluctuates between narrower 
limits and is less subject to the influence of environment than the 

1 Received for publication July 22, 1932; issued April, 1933. 

2 Reference is made by number (italic) to Literature Cited, p, 452, 
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straw wliicli is the vegetatiye part of the plant. For this reason ^ the 
avaihibie data on the chemical composition of wheat are insufficient 
to throw light on the effect of soil reaction on the absorption and re- 
tention of the mineral elements by this plant. 

In connection with an investigation on the relation of the lignin 
content to lodging of wheat (5), the writer was able to obtain data 
bearing indirectly on the effect of soil reaction on the accuinulation 
(absorption and retention) of potassiimi and phosphorus by the wheat 
plant under field conditions. The experiment comprised two plots 
at the Arlington Experiment Farm, Eossl^m, Va. One served as con- 
trol; the other received in the spring sodium nitrate at the rate of 
600 pounds per acre. Samples for analysis were cut from the two 
plots at frequent intervals up to maturity. The results for the potas- 
sium and phosphorus content of the entire plant in the early stages 
of growth and of the stalks alone in the later stages are given in 
Table 1. 


Table 1. — Effect of applied sodium nitrate on the potassium and phosphorus 
content of wheat plants cut at various stages of growth 


[Percentage analyses on air-dry basis] 


i 

1 

■ 

Date of sampling 

K 2 O in straw from-— 

P 2 O 5 in straw from— 

Control 

plot 

Plot 
treated 
with 1 
sodium 
nitrate 

Control 

plot 

Plot 

treated 

with 

sodium 

nitrate 

Apr. 

2.5 

2.11 

3. 63 
i 3. 50 

1 3. 12 

2. 85 
2.82 
2.72 
2.14 
1.87 
. 77 

0. 73 
. 65 

0.52 
. 51 
. 45 
.41 
. 39 
. 35 
.29 
.22 
.21 

May 7 

May 14 , . 

May2U 

1.61 

1. 37 

1. 41 
1.25 

1. 02 
. 53 

. 62 
.54 
.47 
.41 
.26 
.22 

May 28....,.., ^ _ 

June 4 , 

June 11 

June 18 ... 

June 25... 



Potassium was consistently higher in all samplings from the plot 
treated with sodium nitrate than in the corresponding saniplings 
from the control plot. In the case of phosphorus the reverse was 
true, Its content being in every case higher in the straw from the 
control plot than in that from the fertilized plot. The results of the 
field experiments are therefore analogous to those of the waterculture 
experiment mentioned previously. 


DISCUSSION 

. Sodiim nitrate, although it has a neutral reaction when dissolved 
in distilled water, is a physiologically alkaline fertilizer. The plants 
absorb or retain more of the nitrate anion than of the sodium cation, 
and as a result the reaction of the medium of growth moves toward 
aikalmity. it is a well-known fact that when a soil is repeatedlv 
treated with sodium nitrate it becomes alkaline. Some of this effect 
midoubtedly^takes place even with one application of sodium nitrate. 

distribution of plant food in the soil, especially applied plant 
iood, IS never perfectly uniform; it is concentrated at points, to which 
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the roots are drawn by chemotropism. Theoretically the reaction 
should be less acid or more alkaline at the concentration points of 
applied sodium nitrate than in the remainder of the soil. But this is 
difficult to prove in view of the fact that the reaction obtained on 
testing is the average reaction at the spot at which the sample was 
taken. Similarly, the actual concentration of the soil solution 
available to the plants is stronger than the apparent concentration 
obtained by analysis, which gives onty the average concentration. 

No tests for soil reaction were made in connection with this experi- 
ment, but the application of sodium nitrate was high (600 pounds per 
acre), and it is reasonable to assume that it affected the reaction of the 
soil at least at the points at which it was concentrated. The soil 
reaction of the section of the Arlington Experiment Fann on which 
the experiment was carried out has a pH value of about 6.0. A change 
from this reaction toward alkalinity might have affected slightly the 
solubility of the soil phosphates, but it could hardly be expected to 
have affected the solubility of the soil potassium. Furthermore, the 
complete similarity between these field results and those obtained in 
the water-culture experiment, in which the possibility of a solubility 
effect was entirely eliminated, would indicate that the differences in 
absorption of phosphorus and potassium by the wheat plants in the 
field experiment were due to the same physiological causes responsible 
for similar differences occurring in the water-culture experiment.^ 

The writer has suggested an explanation of the effect of hydrogen- 
ion concentration on the absorption of potassium and phosphorus by 
plants, which was based on the isoelectric relations of the ampholytes 
of the living cell (4). This hypothesis has been extended to include 
the accumulation, of cations and anions in growing plants in general. 
It is assumed that there is a wide range in the isoelectric points of the 
plant ampholytes, allowing the occurrence of both electropositive and 
electronegative ampholytes within certain limits of hydrogen-ion 
concentration. This makes possible the simultaneous accumulation 
of cations and anions. A change in the reaction of the medium may 
modify, to some extent, the reaction within the plant cells and thus 
cause a shift of some of the electropositive ampholytes to the negative 
side and vice versa. This may cause an increased absorption of 
cations or anions, respectively, which is the explanation offered for 
the effect of hydrogen-ion concentration on the absorption of potas- 
sium and phosphorus by wheat plants in the parallel experiments with 
water cultures and under field conditions. 

Briggs and Petrie (1 ) have subsequently suggested exactly the same 
hypothesis to explain the simultaneous accumulation of cations and 
anions in the living cell. On the other hand, Hoagland, Davis, and 
Hibbard {6, p. 484) oppose this hypothesis stating that— 

It would be difficult to assume that individual proteins are available of such widely 
different isoelectric points as to permit the simultaneous formation of both cation 
and anion compounds at the pH values involved. 

No reason is given why it is difficult to make such an assumption. 

^ If this explanation is correct ammonium sulphate, which shifts the soil reaction in the opposite direction 
from that caused by sodium nitrate, when applied under the conditions of the experiment reported in 
this article, would have resulted in an increase of the phosphorus content and in a decrease of the potassium 
content of the plant. However, the experiment was nmried out with a different end in view, and the 
writer had no opportunity to repeat it with parallel applications of sodium nitrate and ammonium 
sulphate. 
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Our kiiowiedge of the properties of proteins, presiiniably^ the pi'in- 
cipal aiiipliolytes in plant tissues, is limited to isolated individual 
proteins which have been subjected to streniious treatment in the 
process of isolation. Knowledge of the behavior ol proteins in vivo 
is so far lacking. The same is true with regard to the available data 
on the hydrogen-ion concentration values of the cell sap, which are 
average values of sap expressed froni dead or injured cells. ^ The 
hydrogen-ion concentration of the sap in vivo may be entirely different. 
But even our limited knowdedge of isolated proteins shows that pro- 
teins with quite divergent isoelectric points are present in the same 
plant tissue. CsonkarMurphy, and Jones (J), working with puriffed 
proteins from different sources, largely seeds, showed that the iso- 
electric points of the albumins are found at pH 4,0-5. 0, whereas those 
of the prolamins are found at hydrogen-ion concentrations ranging 
from pH 6,0 to 6.5. Cohn, Gross, and Johnson (2) have^ found 
ill potato and carrot tissue two proteins with isoelectric points at 
pH 4,0 and 8.0, respectively. It would seem that such differences 
are vide enough.^ 

SUMMARY 


Wheat was grown on two field plots, one having received a rela- 
tively large application of sodium nitrate, the other serving as a 
control. Samples for analysis were cut at frequent intervals up to 
maturity. 

The results for the potassium and phosphorus content of the entire 
plant in the early stages of gi*owth, and of the stalks alone in the later 
stages, show that potassium was consistently higher in all samplings 
from the plot treated with sodium nitrate than in the corresponding 
samplings from the control plot, whereas phosphorus was higher in 
the samplings from the control than in those from the sodium nitrate 
plot. 

These results are analogous to previously reported results from 
water cultures with controlled hydrogen-ion concentration, and are 
explained by a possible change in the hydrogen-ion concentration of 
the^ soil caused by the application of sodium nitrate which is a physio- 
logically alkaline fertilizer. 

A previonsly advanced hypothesis explaining the accumulation of 
cations and anions in growing plants based on the isoelectric relations 
of the ampholytes of the living cell is further discussed. 
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GERMINATION OP THE SEED OF FARM CROPS IN 
COLORADO AFTER STORAGE FOR VARIOUS PERIODS 
OF YEARS ' 

By D. W. Robektson, Associate Agro7iomist, and Anna M. Lute, Seed Ayialyst, 
Colorado Agricultural Experiment Station 

INTRODUCTION 

Valuable data have been collected by various workers on the germi- 
nation of seeds that have been stored a definite number of years. It 
is generally believed that in humid climates the seeds of farm crops 
lose their vitality within a few years. Under arid conditions little 
is known of the vitality of seeds after storage for several years. The 
study reported in this paper was begun with the idea of determining 
the viability of seeds of certain farm crops after storage for various 
periods. 

There are very definite beliefs in various localities in regard to 
longevity of seeds, concerning seeds in general, and also a few par- 
ticular seeds. The common belief in India {SY is that seeds more than 
a year old are of no value for planting. Onion seeds are very gen- 
erally considered of value only two or three years by both the seed 
trade and onion growers. In connection with the labeling of seeds 
in accordance with pure-seed laws, it is deemed advisable to retest 
seeds each year because germination frequently decreases materially 
from year to year. 

WORK OF PREVIOUS INVESTIGATORS 

That seeds in sealed bottles even in India retain their viability 
more than one year is brought out by Sonavne {8) in a report on a 
4-year storage experiment. Wheat in 1922 showed a germination of 
97.6 per cent and in 1926, 98.1 per cent. Corn during the same four 
years deteriorated in germinating ability from 96 per cent to 86 
per cent. 

Easthani G) and Sifton (7) report practically no loss in vitality of 
oats stored in closed boxes for 10 years. Burgerstein (7), who experi- 
mented with seeds in a closed drawer, found that barley and oats 
deteriorated practically none in 10 years. He found that wheat 
deteriorated approximately 12 per cent and rye is reduced to 2 per 
cent in germination. Haberlandt {6) reports that barley loses one- 
half its germination ability in 4 years, corn and oats one-half in 6 years, 
wheat practically all in 6 years, and rye all in 3 years. Welton {10) 
working with seeds in bottles states that in 6 years oats and wheat 
are reduced to a germination of approximately 20 per cent, barley to 
6 per cent, and corn to 49 per cent. 

Crocker and Groves {2) and Groves (5), basing their experiments 
on the idea that effects of temperature are similar to aging at room 
temperature and that the time-temperature coefficient for coagulation 
of proteins applies, predict the life duration of wheat as follows: 

1 Keceived for publication July 22, 1932; issued April, 1933. 

3 Beference is made by number (italic) to Literature Cited, p. 462. 
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Seed containing 17.5 per cent moisture held at 50° C. would survive 
for 17.1 days, and seeds of the same wheat at 25° would live 21.1 
years. Seed containing only 9 per cent of moisture would when kept 
at 50° live 53 days and when held at 25° would live 37 years. Duvel 
(3) ill an experiment to show what would happen to seeds in storage 
in various parts of the country concluded that in approximately 250 
days there was little change if the air was dry and the temperature 
range normal, but that when various vegetable and flower seeds were 
stored in moist air there was considerable deterioration at 32° to 37°. 

EXPERIMENTAL METHOD AND RESULTS 

The first tests were made on the 1920 crops. The grains were 
threshed, cleaned, and stored in 100-pound sacks, which were then 
placed in an unheated room and kept there during the entire period 
of the test. Samples were taken in February by mixing the grain 
thoroughly and drawing off a portion with a small scoop. Germina- 
tion tests were made in February of each year. Crops were saved 
each year when grown and placed in the storage room. Only perfect 
seeds were used for germination, the broken and damaged seeds being 
discarded. The crops used were the common standard varieties of 
cereals shown in Table 1 . 


Table 1. — Varieties of seed studied and years in which they were grown 


i 

1 

Crop 

Variety 

i 

1 

Plus mark signifies crop was grown in year indicated 

1920 

1921 

1922 

1923 

1924 

1927) 

1926 

1927 

1928 

1929 

Spring w heat 

Winter \%heat 

Spring wheat 

Unnim v\ lie it 

Marquis 

Kanred,-. 


L 

+ 

+ 

+ 1 

+ 

+ 

+ 

+ 

+ 

+ 


4” 

4 

+ 

Defiance 

Kubanka-. 


+ 

+ 

' 1: 




+ 


Colorado 37 

Great Dakota 

, Swedish Victory 

1 White Russian 

, + ' 

+ 

+ 

+ 

! + 

1 

+ 

+ 

4 








Barley 

Winter rye 









Gold Rain 





+ 

y 

4 

4* 

+ 




.Nebraska 21 

/NepaL,-- 

'Success, 

+ 

+ 

+ 

+ 

: 

+ 

+ 

+ 

+ 

+ 

+ 


: ' 4- 

“yw 

Colsess... 

(Coast.. 

Eanna 

+ 

+ 

+ 

y 

,y 

■■y-" 

+ 

4- 

Gold. 






j 



.Moister 





+ 


4“ 



■Rosen.----.., 




+ 

+ 

+ 

4- 


Soybean 

Wisconsin Black 







Sorghum 

Black Amber - - 





1 -b 

”“4"'' 



Corn 

Yellow dent 


+ 

+ 

+ 

+ 





1 

i 




The average rainfall and relative humidity (7A4-7P)’'‘^ in per- 
centa^^ of saturation is given in Table 2. These data were taken 
from Bulletin 340 (9, Tables 17 crndBlY of the Colorado Agricultural 
hxperiinent Station. . , / . 


aeaverage 

^ Data for ilGU, and mo were obtained directly from M; 


i directly from Mr. Trimble, 
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Table 2.- — Rainfall and relative humidity during period covered by experiments 


Year 

Average 

annual 

precipi- 

tation 

Average 

annual 

relative 

humidity 

Year 

Average 

annual 

precipi- 

tation 

Average 

annual 

relative 

humidity 

Year 

Average 

annual 

precipi- 

tation 

Average 

annual 

relative 

humidity 

1920 - 

1921 

1922. - 

1923... 

Inches 
11. 65 
14. 83 
9. 98 
27. 57 

Per cent 
\ 70.2 

i 66.2 

1 67.6 

71.6 

1924 

1925 

1926 

1927 .J 

Inches 
10.64 
14. 50 
13.56 
15. 77 

Per cent 
64.8 

64.3 

66.4 
67.2 j 

i 1928 

1929 

1930 

Inches 

13. 54 
13. 73 
15. 17 

Per cent 
65. 3 
66. 8 

64.8 


There appears to be no connection between the average annual 
relative humidity and the original germination percentage. Humidi- 
ties for all years were low. The actual percentage of moisture in the 
seed samples was determined for the 1929 crop and was found to range 
between 9.5 and 11.4 per cent. No tests were made on the other 
crops. 

The germination tests made the year the seeds were harvested 
ranged from 93 to 98.5 per cent for Marquis, 84 to 90 per cent for 
Kubanka, 93 to 95 per cent for Kanred wheat. (Table 3.) Barley and 
rye showed a greater variation from year to year and for different 
varieties, while the percentage of germination of oats did not differ 
greatly from that of wheat. 


Table 3. — Germination percentages for various seeds harvested in different years 


Crop 

1920 

1921 

1922 

1923 

1924 

1925 

1 1926 

1927 

1928 

1929 

Wheat: 











Marquis 


98.0 

97. 5 

93.0 

93.5 

97. 5 

95.5 

98. 5 


97. 0 

Kubanka. 


88.0 

90.0 







84. 0 

Kanred 


95.0 




94.0 





93.0 

Barley: 











Nepal 

87.0 

95,5 

95.0 

73.0 

69.0 

84.0 





Golsess 



99.5 

98.5 

97.0 

97.0 

94. 0 

97.0 

97. 0 

99.5 

Coast 

97.0 

94.0 


98.5 

92.0 1 

96. 5 





Moister 






98. 5 : 

96.0 

97.0 



Oats: 











Colorado 3 7 

98.0 


99.0 

99.0 

98. 0 

97.0 

97.0 

95. 0 

98.5 

98.0 

Nebraska 21 



97.0 

97.5 

95, 5 

94,0 

98.0 


92. 0 


Miscellaneous crops: 






1 





Rye — 



98.0 

83.5 

84.0 







Soybeans 

Sorghum 





93.5 




92. 0 



Corn 




85.0 

98.0 







The general trend seems to indicate that oats, covered barley, Mar- 
quis and Kanred wheat have a high percentage of germination the 
first year, while Kubanka wheat, Nepal barley (^naked), and rye show 
a comparatively low germination percentage the first year, 

A study of tile germination of the various seeds as a percentage of 
the original germination shows that when all varieties of the same crop 
are averaged there is a slow decline in the germination percentage for 
the first 10-year period. Table 4 gives the average percentage of 
germination for all seeds studied, as well as the average for each 
variety, and the number of years in the test period. 
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WHEAT VARIETIES 

Tlie table gives the average geiTiimation for all wheat seed as well 
as the average for each variety. Three varieties of Trihcwn rulgare 
and one variety of T. durwn were tested. The coniiiiercial classes 
are represented by three varieties. Marquis is a h^rd red spring 
•wheat. The germination percentage of this variety falls off 8.7 per 
cent in 10 years. Kanred, a hard red winter wheat, shows a similar 
drop. Defiance, a soft white wheat, shows the same general trend but 
drops off less than Marquis. 

Table 4 . — Germination percentages of wheat, harley, oats, and miscellaneous seeds 
gro'um m Colorado ivhen the original test is valued at 100 per cent and the other 
tests are calculated as percentage of the first yearns test 



Percentage germination and number of crops tested in indicated 




number of years after harvesting 



Crop and variety of .seed 











3 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Wheat: 











Marquis— 











Oermination per cent- . 

100 

99 . 8 

9S. 1 

07. 5 

96. 7 

95. 1 

95. 9 

93 . 1 

93. 4 

91. 3 

C rops teste ( I - . ii um her - - 

9 

S 

7 

7 

6 

5 

4 

3 

2 

1 

■Defiance— 











(Termination. per cent. . 

100 

98.4 

99.3 

98.2 

96.7 

97.9 

96. 2 

96. 4 

94. 3 


Crops tested number. . 

4 

4 

4 

4 

3 

2 

2 

1 

1 


Kanied— 











(Termination per cent. . 

100 

102 . 5 

98.2 

100.5 

97.8 

96.9 

94. 5 

93. 7 

90. 1 

98,4 

Crops tested number. . 

3 

3 

2 

2 

2 

2 

2 

1 

1 

1 

Kubanka— 










Ciermination per cent. . 

100 

100.7 

97.8 

97.5 

95.0 

98.7 

94.2 

92.5 

84.9 

89.8 

Crops tested mmiber. . 

A verage germination of all wheats 

3 

3 

2 

2 

2 

2 

2 

2 

2 

1 

per cent-- 

100 

100 

98.4 

98. 1 

96.6 

96.6 

95. 3 

93.4 

90. 2 

93. 2 

Total number of crops tested 

Standard error 

19 

±0.93 

18 

± 0 . 66 

15 

±0.80 

15 

±1. 15 

13 

±1. 19 

11 

±1. 44 

10 

±1. 15 

7 

±1. 15 

6 

±2. 27 

3 

Barley: 


Nepal— 











(iermination per cent . . 

IOC 

99.3 

89.8 

86 . 2 

88.3 

85.9 

92.3 

83.2 

81. 3 

3 

75.8 

9 

Crops tested number. . 

6 

6 

4 

6 

8 

6 

5 

4 

Siicoess— 










Germination per cent . . 

iOO 

97.8 

95.3 

97. 0 

98.5 

94. 1 

96.4 

94,9 

89.8 

89. 1 

Crops tested- ..niimber. . 

3 

3 

1 

2 

2 

3 

3 

3 

3 

2 

f-lolsess— 








G er miiiation per cent . 

100 

98.5 

97.6 

98.7 

96,8 

95.2 

93. 5 

96. 0 

93. 9 


Cro ps tested niim her . . 1 

8 

8 

7 

6 

5 

4 

3 

2 

1 


Coast— ! 










Germiaation percent 

100 

100.5 

100 

99.6 

98.6 

98.8 

98.3 

96. 9 

98. 5 

101. 4 

C'rops tested number. 

5 

5 

5 

5 

5 

5i 

4 j 

3 

2 

2 

Hanna— ! 









Germination per cent .. 

100 

97.3 

104.3 

99.3 

100.4 

94.9 

90. 2 

90. 8 

90. 7 

86 . 7 

Crops tested number 

. Gold- 

2 

1 

2 

2 

2 

2 

2 

.. 2 1 

2 

1 

Germination percent 

100 

97.4 

99.5 

98.4 

93.7 

87.4 

1 

81. 0 

79. 1 

78. 0 

68 . 1 

Crops tested number.. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

, Moister— 






Germination. per cent 

Crops tested number . . 

A verage germination of all barley 

300 

99.8 

99.3 

99.6 

94.4 

95.9 





1 3 

' 3- 

3 

3 

2 

■1 



■ ■ 


100 

1 

' 99.0 

97.6 

95. 9 

95,1 

93. 0 

93.7 

90. 7 

88 . 6 

86.9 

. . ... . per eenf- . 

Total number of barley crops 

tested 

28 

±1.40 

27 
±0. 63 

23 

±1.04 

25 

±1.56 


oo 

t Q 



8 

Standard error 

j&O 

±1.48 

t 1 zjr' 

lo 

xo 

^ Iz 
± 2 . 11 

Average germination of naked 

dtzl. DO 

±2, 95 

±1, 80 






^^Jariey. I)era*nt-- 

Total number of crops of naked 

100 

99.3 

89. 8 

86.2 

88.3 

85.9 

92.3 

83.2 

81.3 

75.8 

barley tested 

6 

6 

4 

6 

A 






■Average germination of 6 -row 




0 

0 

5 

4 

3 

2 

■, hooded covered barley.i>er cent.. 
Total niirat>er of crops of 6 -row" 

100 

98.3 

97.3 

98.2 

97.2 

94. 7 

94. 9 

95.3 

90.8 

89. 1 

hooded covered barley testecL,, 

11 

11 

8 

8 

7 

7 

6 

5 

4 

0 

A verage germination of 6 -row 







z 

covered awned barley. iw ctent 
Tola! number of crops of 6 -row 

100 

100.2 

99.8 

99.6 

97.4 

98. 3 

98. 3 

90.9 

98. 5 

101.4 

covered awned barley tested-.-. 

■ ■ 8 

8 

8 

8 

, ■ 7 

6 

4 

3 

0 

■ 2 

Average germination * of 2 -row" 




j£. 

, covered awned hurley.per cent.. 
Total number of crops of 2-row 

1 100 

:■ -97.4 

102.6 

99.0 

98.1 

92.4 

90.5 

86,9 

77.4 

79 . 8 

covered awned barlev tested... 

^ ■■B- 

^■■^ 2 

3 

3 

3 

3 

;3' 

■■3' 

2 ! 

2 
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Table 4. — Germination percentage of wheat, barley, oats, and ^niscellaneous seeds 
grown in Colorado when the original test is valued at 100 per cent and the other 
tests are calculated as percentage of the first year's test — Continued. 


Percentage germination and number of crops tested in indicated 
number of years after harvesting 


Crop and variety of seed 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Oats; 












Colorado 37— 












Germination 

..per cent-- 

100 

101. 4 

100.8 

97.8 

95.5 

95.3 

95. 3 

94.6 

95.0 

91.9 

Crops tested 

- -number. _ 

9 

8 

8 

7 

6 

5 

4 

3 

2 

1 

Great Dakota— 












Germination 

..per cent-. 

100 

00 

97.8 

95.7 

96.5 

94.8 

9.3. 0 

95. 5 

89.4 


Grops tested 

-.number.. 

2 

2 

2 

2 

2 

2 

2 

2 

2 


Swedish Victory— 












Germination 

-per cent— 

100 

95,0 

99.3 

97. S 

93.5 

92.7 

94.5 

92. 7 

91.0 

81.8 

Crops tested 

-.number— 

2 

1 

2 

2 

2 

2 

2 

2 

2 

1 

White Russian 












Germination 

.per cent— 


98. 5 


97.0 

98.0 

95. 0 

93. 5 

94. 5 

97.5 

88.0 

Crops tested 

--number.- 

1 

1 


1 

1 

1 

1 

1 

1 

1 

Gold Rain— 












Germination 

..per cent— 

100 

99. 5 

99. 9 

97.1 

98. 5 

91.0 





Crops tested 

, -number-- 

2 

2 

^3! 

2 

9 

1 





Nebraska 21— 












Germination 

-per cent- 

100 

100. 6 

97. 7 

97.3 

95.7 

95.7 

98. 5 

88.1 

92.8 


Crops tested 

-.number-- 

7 

6 

6 

5 

3 

3 i 

2 

I 

1 



Average germination of all oats 

1 











-.per cent-- 

100 

100. 1 

99.4 

97.3 

95. 9 1 

94.7 

95.1 

93.7 

92. 6 

87. 2 

Crops tested 

--number.- 

23 

20 

20 

19 

16 1 

14 

11 

9 

8 

3 

Standard error 


o 

-H 

±0.97 

±0.91 

±0.68 

±0. 72 

±0. 68 

±0.87 

±0. 94, 

±2. 65 


Average germination of midsea' 











son oats 

..per cent- 

100 

100.2 

100. 0 

97.4 

95. 3 

94.6 

94.5 

94. 3 

92.3 

SB. 9 

Total number of crops tested.. . 

13 

11 

12 

11 

10 

9 , 

8 

7 

5 

2 

Rosen rye: 







1 





Germination- 

-per cent-- 

100 

98.1 

98.4 

90.6 

90.1 

89.0 S 

79.8 

79.1 

52.0 


Crops tested - 

..number.. 

4 

3 1 

3 

3 

3 

3 1 

3 

2 

1 


Wisconsin black soybeans: 



! 









Germination 

.per cent- 

100 

101. 1 1 

93.0 

86.0 

90. 1 

83.3 

61. 2 

48. 1 



Crops tested 

--number.- 

2 

2 

2 

2 

2 

2 

2 

1 



Black Amber sorghum: 














100 

117. 0 

119.0 

115.8 

104. 4 

97.9 





Crop tested 

--number 

3 

3 

3 

3 

2 

1 





Corn: 












Germination 

.per cent-- 

92 

90 

97 

97 

87 

88.4 

86. 9 

80. 2 

79 


Crops tested 

--number.. 

2 

1 

2 

2 

3 i 

5 

6 

5 

i 

2 



« Actual percentages, because of lack of test the first year. 


Kubanka, a durum wheat, drops off slightly for eight years and 
then makes a quick drop. However, further tests may smooth out 
the discrepancy. 

The average of all wheats tested shows a gradual drop for a 9-year 
period. There is a slight rise in the tenth year, but as only three 
years are represented in this test, less reliance can be placed on it. 
The standard errors were worked for all years up to the ninth year 
and show uniformity, with the exception of the ninth year which 
shows a wider variation, due, possibly, to the low number of years in 
the test. Wheat seed stored in a dry unheated room lose about 7 
per cent of their germination in a 10-year period under Colorado 
conditions. 

The actual germination of all wheat varieties tested is given in 
Table 5. This table represents the types of data obtained with the 
barley and oats studied in the germination experiment. 
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Table 5. — Germi^iaHon perceniage of different ivheat mrielies grown at Fort Collins, 

* 'Colo., 1931-1930 


! I Percentage of germination in indicated number of years after 

: [ harvesting 

Variety | Year j ^ 



grown 

1 

2 

3 

1 4 1 5 

1 

6 

7 

s 

9 

10 

^farquisl 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1929 

1930 ^ 
1921 I 
1924 i 
1929 1 

' 1922 i 
1924 j 

1926 i 

1927 1 

1921 

1922 
1929 ! 

95.0 

97.5 

93. 0 

93.5 

97.5 
95. 5 
98. 5 

97.0 

97.0 

95.0 

94.0 

93. 0 

96. 0 

59.0 

90.5 
98. 5 

88.0 i 
90. 0 I 
84. 0 i 

97. 0 

97. 5 

94.5 

96.5 
93. 5 
96. 5 
96. 5 
96.5 

96.0 

99.0 

53.0 

96.5 

94.5 

93.0 

99.0 

92.5 

98.5 

81.5 

93.5 

87.5 
95.0 
98. 5 

93.5 

97.0 

86.5 

95. 0 

88.5 

95.5 

92. 5 

97.5 

79.0 

92. 5 

95.0 

94.5 
93. 0 

84.0 

95.0 

88.5 

94.0 

86.0 

94.0 
88. 5 

89.5 




Kanred... „ 


























97.0 

95. 0 

97.0 

95.0 

91. 0 

86.0 
96, 0 

92. 5 

86.5 
S4. 5 

94.0 
91. 5 

95. 5 
94.5 

93.5 

91.0 

92.5 
90. 5 

88,0 

90.5 

89. 0 

'S6.’o' 

93.5 





96. 0 

88.5 

90.5 
96. 5 

86. 5 

87. 5 

94. 0 
91.5 
85. 5 

96.0 
89. 5 

84.0 

95.0 

89. 5 

82.0 

88. 5" 

80.5 

94.0 

87.0 

95.0 

83.0 

92.5 



1 

Kubanka 




91. 5 
84,0 

'mio 

81. 5 

84.5 
80. 0 

79. 0 
72. 0 

79.0 

p 









BARLEY VARIETIES 

The results of the barley varieties tested are also shown in Table 4. 
The 6-row hooded covered barleys decreased in germination about 10 
per cent in 10 years. However, Coast showed a drop of only about 
3 per cent. Nepal, a hull-less barley, dropped off about 20 to 25 per 
cent, the decrease starting about the third year. Two varieties of 
2-row barley were tested, and they showed a more marked drop than 
did the 6-rfw barleys. 

When the average of all barleys grown is considered, there is a 
gradual drop in percentage germination with indications of a greater 
drop after the ninth year. The total drop equals 14.1 per cent in 
10 years, which is slightly greater than that of all wheat varieties. 

If only 6-row hooded covered barleys are considered, there is slightly 
less falling off than with wheat. There seems to be a greater tendency 
for naked and 2-row barleys to lose vitality than for 6-row covered 
awned varieties. The standard error is slightly higher than that for 
wheat. However, it still shows a significant difference between the 
first and ninth year tests. 

OAT VARIETIES 

Both midseason and early oats were used in this test. Only 
varieties of Arenn sMwa and A. salim oHentalis were used in the ex- 
periment. Colorado No. 37, a high yielding oat of the midseason 
Wpe, d^reased in germination 8.1 per cent in 10 years. (Table 4.) 
Great Dakota ^showed a similar tendency. Swedish Victory de- 
ci eased to 93.5 per cent in the fifth year and remained fairly 
imiform until the eighth year. A slight drop was noticed in the 
ninth year and a marked drop in the tenth year. Only two lots of this 
oat vtwe used m the test, and the tenth year is represented by only 
one lot. W lute Kussian, a side oat, decreased slightly until the eio*hth 
3nar, then increased in the ninth and decreased ih the tenth year, 
dropping 12 per cent. , ' 



Mar. 1 , 1933 Germinaimii oj Seed After Various Periods of Storage 461 


Nebraska 21, an early oat, shows a similar trend to the midseason 
oats, decreasing slightly each year, with slight yariations, possibly 
due to sampling error. 

When the average of all midseason oats tested is considered, there 
is a gradual decrease in germination for nine years, with a marked 
drop in the tenth year, when only two lots were tested. A veiy 
similar condition is found when all oats tested are considered. 

OTHER SEEDS 

Less complete data were obtained for other seeds. Rosen, a winter 
rye, decreased noticeably after the third year. Three lots of this 
variety were used in the test and by the seventh year, a drop of 20.2 
per cent had been obtained. More data are necessary before final 
conclusions for the ninth and tenth years can be drawn. 

Only one variety of soybeans was tested. Wisconsin Black, an 
early maturing bush type of bean, was used. This variety decreased 
in germination percentage after the fifth year and continued to drop 
rapidly after that period. Varying percentages of hard seeds were 
found ill the soybeans tested. The number, however, fell ofl' grad- 
uall}^ until the fourth year, when all viable seeds germinated. 

Black Amber, a forage sorghum adapted to northern Colorado, had 
lost very little of its viability after being stored for six years. 

Several varieties of yellow dent corn w^ere used. The test for corn 
is the most incomplete of the series. However, the data were 
included because of the increase of acreage of this crop in the past 10 
years. Corn held its germination percentage well for a 4-year period. 
After this stage it decreased to a marked extent and again remained 
uniform until the seventh year, after which it again commenced to 
drop, losing 21 per cent of its germination by the ninth ^ear. 

The data for the last four lands of seed are less conclusive than those 
for wheat, barley, and oats. However, they indicate that other farm 
seeds, such as winter rye, soybeans, sorghum, and corn stored in dry 
rooms may be used after five years with only a slight increase in the 
rate of seeding in order to obtain a good stand. 

SUMMARY 

Germination tests were made on the seed of various cereal crops 
adapted to Colorado conditions after being stored for varying peiiods 
of years in a dry room. 

The germination percentage of wheat decreased about 7 per cent in 
10 years. 

The germination percentage of barley decreased about 14 per cent 
in 10 years. Two-row and naked barley decreased more than hulled 
6-row barley. 

The germination percentage of both midseason and early oats de- 
creased about 13 per cent in 10 years. 

Rosen rye and Wisconsin Black soybeans decreased 10 per cent in 
germination in 5 years. After the fifth year the germination per- 
centage decreased rapidly. 

Black Amber sorghum germinated well for six years, decreasing 2 
per cent in this time. 



462 


Journal oj Agrmiliwral Research 


V ol. 40, No. d 


Yellow dent com gerniinated well for the first four years but de- 
creased 13 per cent in the fifth year. There was a. decrease of 20 per 
cent after eight ^-^ears of storage. 

Siiiall-graiii crops stored in a dry, unheated room, under the cli- 
matic conditions at Fort Collins, have still a high percentage of viable 
seed when 10 years old. 
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THE RELATIVE DIGESTIBILITY BY RATS OF THE MILK 
OF FIVE BREEDS OF DAIRY CATTLE ‘ 

By W. B. Nevens, Associate Chief in Dairy Cattle Feeding, mid D. D. Shaw,^ 

'First Assistant in Dairy Production, Department of Dairy Husbandry, Illinois 

Agricultural Experiment Station ® 

INTRODUCTION 

More than 40 per cent of the milk produced in the United States 
is consumed as fluid milk, while more than 30 per cent is used in the 
manufacture of butter. About 3 per cent of the milk is used in calf 
feeding. Much of the skim milk and buttermilk resulting from butter 
making is fed to livestock. The thoroughness -with which the com- 
ponents of whole milk and also those of creamery by-products fed 
to livestock are digested, is a matter of economic importance. 

Because of differences in the chemical composition and physical 
characteristics of the milk of the breeds of dairy cattle, a question 
naturally arises regarding the relative digestibility of the milk of 
these breeds. The greatest difference in chemical composition lies 
in the percentage fat content, but differences are found also in the 
percentages of protein, lactose, and ash {21)1 Differences e.xist in 
the size "of the fat globules and the rapidity with which they rise 
{6,j).143). 

Much interest in the relative digestibility of the milk of the breeds 
of dairy cattle has been aroused through the observations of digestive 
disturbances in artificially fed infants receiving a milk diet. Some of 
these disturbances seem to follow the ingestion of milk high in fat 
content, indicating a limited capacity of certain individuals for the 
pigestion of fat. The work of Hill (9) has shown that the protein 
in the milk of some cows forms a “soft curd” while that in the milk 
of other cows forms a “hard curd.” The sofUcurd milk has been 
found of value for infants suffering from digestive troubles. Several 
experunents upon the completeness of digestibility of milk fat by 
adults show slight differences in the digestive coefficients. It seems 
evident, therefore, that several factors may be involved in the diges- 
tion of milk, particularly in the case of infants. It is clear that a 
thorough study of the digestibility of milk by infants would necessi- 
tate employing them as subjects. 

The only phase of digestibility studied in the experiments reported 
in this paper is the completeness of digestibility of the components 
of milk. The investigation was prompted by the fact that the authors 
know of no animal experiments which would afford direct comparisons 
of the completeness of digestibility of the milk of the various dahy- 
cattle breeds. It is not assumed that the experiments have any 
bearing upon digestive troubles either of infants or of adults, or upon 
the time required for gastric digestion, or upon any phase of the 


1 Received for publication Oct. 24, 1932; issued April, 1933. 
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3 The analytical work involved in this investigation was done by R. H. Sifferd, under the direction of 
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cligestiTe process other than completeness of digestibility. In fact, 
since the digestibility of milk by infants appears to inyolve so many 
factors,, the authors disclaim any attenipt^ to apply the results ol, 
these experiments to the field of infant nutrition. 

The use of albino rats naturally raises a question concerning the 
applicatioii of the results to other species. I\hile_ the results of 
iiiitiitioii studies conducted with rats may not apply in toto to other 
species j it is believed that in experiments such as the present, in which 
comparative results were sought, the findings may be applied to^ a 
reasonable extent to the human adult and to animals of other species 
which normallv consume milk, such as young calves and pigs. For 
example, should experiments with rats show pronounced differences 
ill the digestibility of the milk of two breeds of dairy cattle, it is 
only reasonable to assume that about the same relative differences 
in digestibility would be shown by other species which normally 
consume milk,^ although the actual digestion coefficients secured with 
various species might differ considerably. 

REVIEW OF THE LITERATURE 

On accoimt of the fact that the greatest difierence in the chemical 
composition of the milk of the dairy-cattle breeds lies in the percentage 
fat content, the study of the digestibility of the fat \yas a point of 
special interest. The review of the literature, therefore, has been 
limited to experiments in which the completeness of digestibility of 
milk fat was determined. This is presented in condensed form in 
Table 1 . 

Table L — Condensed review of the literature 


Investigator 

Subject 

Food 

Coefficient of apparent digest- 
ibility 

Fat 

Protein 

Dry sub- 
stance 

Enbner (ii) 

Human 

Xlilk only.,. 

Butter « 

. _do “ 

( 95. 4 

\ 94. 4 

i 92,9 
j 90. 3 

1 97. 3 

91.5 
/ 98. 3 

1 97. 1 

, 91.0 

1 97. 0 

1 96. 7 

/ 97. 3 

1 94.6 

95.7 

95. 7 

J 96.9 

1 97.2 

96.7 
/ 97. 3 

1 96.5 

r 96.8 

1 96.1, 

97.2 

97. 0 

93,9 

92.7 

94.6 

94.8 
/ 97.0 

1 96.1 

/ 98.5 

\ 99. 0 

93. 0 
92. 3 

88.0 

91.6 

90.6 
89. 8 

Bo_ - 

do 



Eubner {23) 

do 



.Mayer {18} 

.. .,do 

do “ 





Atwater (i) ■ 

do. 

do ® 



Do ■ 

do... 

Xlilk 

88. 1 



Do. — 

.....do 

Butter 

do,* 


Huitgren and Lamlergren (16) ' 

do 





Bryant (5) 

do...., ^^-.1 

Xlilk only... 

Butter “ 

do.« i 

93.8 


Liihrig 03) — — 

do. 


Do. Cfg). 

do 





Kienzi (IS),.. 

. _- ,do 

do.** i 



, Wlbbens and H'uizenga {24) 




do. “ i 





Doane and Price ' 



Dairy calves. . 
--...do 

Xlilk only... 
do...... 

94.8 

92.6 

93.5 



1)0,. m 


Von Gerlach (iO) 

Human...,...' 

Butter « 

.....do.*.-,. 


Langworthy and Holmes 




Do. (13) ' 

.....do^ 

Cream « 



Do.rm 

.....do......... 

B Ilf, ter « 



Lundgren, Perander, and Putkonen, Cf-7}... 

.....do 

..-.do.*.--.. 



Holmes 

.....do. 

do « 





Hughes and Cave (7 

Dairy calves. . 

Milk ft--— . 

95.7 

94.8 






» As part of a simple mixed .diet, ' 


i Martially skimmed. 
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EXPERIMENTAL METHODS 

It is assumed that the differences between the amounts of protein, 
fat, sugar, and total solids in the milk consumed and the amoimts of 
these excreted in the feces represent the amounts digested. It is 
believed that determinations of digestibility made in this way are 
accurate even though products of endogenous origin are present in 
the feces. The amount of these products is undoubtedly closely 
related to the amount and character of the food ingested and may be 
considered one of the necessary costs of digestion. Because the 
method of calculation used in these studies makes no allowance for 
the presence of the endogenous substances in the feces, the term 
‘'apparent digestibility'^ is used. 

The dairy breeds whose milk was compared were Jersey, Guernsey, 
Holstein-Friesian, Ayrshire, and Brown Swiss. The trials were 
conducted with albino rats. In all the trials except those with Brown 
Swiss milk, healthy rats from the department’s stock colony were 
used. In order to keep them in good physical condition, they were 
fed the mixture used for the stock colony for a few days following 
each digestion trial. The studies with Brown Swiss milk were con- 
ducted in connection with a growth experiment in wliich the animals 
became anemic. These received fresh whole milk only from time of 
weaning, with no changes wdiateyer in the manner of feeding. 

The animals were confined individually in glass cages below which 
pans lined with heavy filter paper were placed to receive the excreta, 
The rods in the bottoms of these cages were spaced far enough apart 
so that the feces dropped through very readily and rarely lodged in the 
cage. In the digestion trials for protein, clean filter papers were 
placed in the pans daily; in trials for the other components, they were 
renewed on alternate days. 

The digestion trials were 10 days in length. Each was preceded by 
a preliminary period of 3 to 5 days, during which the particular milk 
to be tested w^as fed. Milk was the only food given during the diges- 
tion trials. The amounts fed wwe adjusted during the preliminary 
periods to levels slightly below the maximum amoimts which the 
animals would consume. Efforts were made to keep the daily intake 
for each animal constant throughout a 10-day trial. In most of the 
trials, paired feeding was practiced so that the animals of a pair con- 
sumed different kinds of milk in the same amounts. In these trials, 
two animals of the same sex and of approximately the same weight 
formed a pair. 

The milk was secured from the imiversity dairy barns daily. The 
containers were washed thoroughly each day with washing powder 
and then rinsed with a concentrated sulphuric acid-sodium dichroinate 
cleaning solution. The milk was kept in a refrigerator and was never 
more than 24 to 28 hours old when fed. Even though unheated, it 
was always in excellent condition. Feedings w^ere given twice daily . 
The containers used were glass sponge dishes, and after each feeding 
these dishes were carefully washed, rinsed with distilled water, and 
drained on a drying rack constructed of glass rods. The careful 
sanitary methods used are believed to have been responsible for the 
fact that practically no cases of milk souring occurred. The feed 
records, therefore, are uncomplicated by irregular or lowered intake 
of milk on account of its condition. 
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The Brown Swiss milk, as secured^ daily, consisted of the niid- 
portion of a. single milking of an individual cow. The milk of three 
different Brown Swiss cows was used, but in no case was the milk of 
iiiore than one of these cows used in any one digestion trial. About 
equal numbers of coefficients were secured with the milk of the three 
cows. The milk of the other breeds was taken daily from the mixed 
milk of a single complete milking of each of four cows. The milk was 
taken at a time when the cows were neither near the beginning nor the 
close of their lactation periods. 

It is recognized that the number of cows employed is small. This 
procedure is believed to be justified in view of the fact that this study 
had for its chief object the discovery of any differences wffiich may 
exist in the digestibilit}" of the milk of the dairy-cattle breeds. It has 
been shown (ff, TabhS) that the variations in the composition of the 
milk of mdivklual cows within a breed are far greater than the differ- 
ences between, the mean values of the milk components of the various 
breeds. The use of samples of the mixed milk of a large number of 
cows of a breed for digestibility studies, therefore, would be likely to 
minimize and obscure any differences between breeds, while the use 
of samples of milk from individual cows or from small groups of cows 
would be more likely to demonstrate differences, should any exist. 

Samples were taken from each lot of milk before feeding. Small 
amounts of formalin were added and the samples were kept in a 
refrigerator until analyzed. Analyses were made of composite 
samples. 

The feces were removed from the collection pans daily. In the 
digestion trials for the determination of protein, the feces were trans- 
ferred directly to stoppered Kjeldahl flasks containing 50 c c chemi- 
cally pure sulphuric acid. When it was evident that some of the 
feces had been contaminated by urine, they were transferred, before 
being placed in the Kjeldahl flasks, to a sheet of clean filter paper laid 
over hardware cloth and washed by a stream of hot, slightly acidified, 
nitrogen-free water from a wash bottle. This procedure was changed 
in the last two trials. Trays made of hardware cloth having eight 
meshes to the inch were placed below the cages on top of the collection 
pjins and the feces were transferred from the trays directly to the 
Kjeldahl flasks with no washing in any case. In the second of these 
last trials, the rats were carefuUy clipped to prevent hair from 
being ingested or falling into the collection trays and adhering to the 
.feces.' " . 

In the trials for the determination of fat, total solids, and sugar, 
the feces were transferred daily to paraffined paper cups, in which they 
were dried for twm to thi^ee hours at a temperatme of 60° to 70° G. 
They were then stored in glass jars in a refrigerator until analyzed. 

The methods of analysis prescribed by the Association of Official 
Agricultural Chemists {1) were followed. Qualitative tests only for 
sugar were made, both Benedict's and Fehling’s methods being used. 

PEESEHTATION OF RESULTS 

A summary of the digestion coefficients secured is given in Tables 
2, A, and 4. Most of the detailed data secured with Brown Swiss 
milk and a few of those obtained “with Holstein milk have been pre- 
sented in previous papers (79, fO)q 
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Table 2. — Comparative apparent digestihility of the fat of the milk of dairy cattle ^ 


Summary of coefficients of apparent digestibility 

of milk fat 

. Brown 

Ayrshire 

Guernsev fi,«btein- 
^.Tueinsej Friesian 

Jersey 

99. 1 99. 6 

98.6 98.9 

97. 1 

98. 6 99. 7 

98. 9 98. 5 

98.8 

98.4 99.6 

97. 4 98. 6 

98. 5 

98.1 99.7 

9S. 1 98. 1 

98. 6 

99. 3 98. S 

99. 2 98. 7 

98. 4 

97. 8 99. 5 

98.7 98.0 

98. 2 

98. 9 99. 4 

98. 4 98. 7 

98. 9 

98. 2 99. 4 

99. 2 98. 9 

98. 7 

98. 7 99. 4 

98. 7 98. 4 

98.7 

98.6 99.4 

99. 0 

98. 5 

99.3 

96.5 


99.6 

9S. 2 


99.3 

98.8 


99.5 

98. 5 


99.7 

98.2 


99.5 

98.3 


99. 6 

97.6 


99.2 

97.9 


99.0 

99. 0 


99.5 

OQ n 



yo. u 
99.4 



98. 8 



yo, o 

98.3 



97.9 



98.2 



98. 1 



98. 4 



98.1 



98. 4 



98. 9 



98.7 

1 


98.4 



Mean 98. 6 ±0. 09 99. 0 dtO. 07 

98.6 ±0.11 98.2 ±0.13 

98. 4 ±0.10 

Standard deviation — 44± . 07 . 57d: . 05 

1 . 49± . 08 . S4± . 09 

, 49± . 07 

Coefficient of variability 44d= . 07 . 5S± . 05 

. 50± . OS . 86± . 09 

. 49± . 07 


« Number of (ieterininations. Ayrshire, 10; Brown Swiss, 34; Guernsey, 9; Ifolstein-Friesiah, 20; 
Jersey, 10. 


The fat of the milk of dairy cattle was found to be highly digestible. 
(Table 2.) When it is considered that extraction of feces with warm 
ether for removal of the fat almost certainly removes ether-soluble 
substances other than food fat residues, it seems reasonable to assume 
that there was very little if any undigested milk fat in the extracts. 
The conclusion naturally follows that the fat of fresh whole milk fed 
in these experiments was nearly all, if not entirely all, digested. 

Practically no differences in the apparent digestibility of the milk 
fat of the five breeds were found. (Table 2.) The means of the 
coefficients for Ayrshire, Brown Swiss, Guernsey, and Jersey milk are 
practically the same. Moreover, the standard deviations and coeffi- 
cients of variability are very similar. The mean of the coefficients for 
the fat of Holstein milk is slightly below that of the other breeds, caused 
in part by two unexplainably low coefficients, namely, 95.5 and 96.5. 
Such variations in results are likely to occur in biological investigations 
of this sort and no special significance should be attached to them. 
In factj it is rarely possible to secure results of lO-day digestion trials 
which agree as closely as the 83 values shown in Table 2. With the 
exception of these two low coefficients, all coefficients for the five 
breeds are above 97, and only six others are below 98. If the two 
lowest coefficients for Holstein milk (95.5 and 96.5) be omitted, then 
the mean of the coefficients is 98.5 ± 0.06, a value which is nearly the 
same as the values for the other breeds. 

16S0:S2— 33^- 6 
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Table 3.~ 


-Compamiim apparent digestibility of the total protein of the milk of dairy 
cattle " 


Summary of coefficients of apparent digestibility of milk’ 


Ayrshire 


87.5 

90.6 

91.0 

90.5 

91.2 

88.7 

88. 1 

89.2 

90.6 

95.3 

b 

91.9 

89. 8 

90.3 
89. 2 

91. 7 

88. 0 

89. 1 

89.6 

91.4 

93.4 
c 

89.7 
89.6 

90.2 

88.0 

89.5 
88.4 

89.2 

90.3 

87. 1 

91. 1 


Mean 

Standard deviation . . „ „Z. 
Coefficient of variability. 


90.0±0.21 
1. 7± .15 
1.9=b .16 


95.8 

95.7 

93.4 

92.8 
e 

93.7 
94.1 

94. 1 

96.1 

94.3 

94.2 

94.8 

/ 

94.5 

96.1 

93.0 

92.4 

96.5 

94.7 

94.4 

88.9 

91.9 

90.7 

90.2 

89.9 

92.7 

92.3 

92. 3 

89.6 

91.6 

91.9 

91.3 

89. 8 

93. 6 

91.5 

91.0 

93.0 
93. 3 

90. 5 

91.6 

90.7 
93.5 

92.4 

92.4 

89.0 

90.5 
91.2 

91.1 

91.2 

91.6 

91.2 

92.6 

93.4 

91. 7 

91.5 

92.5 
93.4 

92.9 

92.1 

90.9 

92.3 

92.7 

92.4 
h 

90.9 

92.2 

91.1 

90.2 

91.3 

90.9 

92.9 
91.0 

92.4 


92.3±0. 14 
1.7± .10 
1.8± .10 


protein 


Brown | Holstein- 

Swiss Cruernsej Friesian 


91.0 
88.8 
92.2 

87. 3 

93. 1 
88.4 
88.7 
88.9 

88. 5 


89.7-b0.36 
1. 6=b . 26 
1, 8d= . 29 


91.6 
92. 6 

92.3 

92.4 
94. 1 
94. 7 

93. 0 

93. 1 

88.4 

88.2 

89.7 

88.4 

89.9 

92.6 

89.4 

85.8 

91.4 

90.6 
a 

89. 3 

86. 9 

91. 1 

87. 9 

90.9 

86.9 

91.7 

87.2 

86.9 
89. 9 

6 

89. 5 

88. 1 

90. 2 

87.6 

89. 1 

85. 1 

92. 1 

86. 8 

89. 8 

88. 3 

c 

90. 0 

90. 5 

89.1 

87.9 

91.7 

87.2 
92. 3 
87. 0 

90. 3 

91. 3 


89. S±0. 22 
2. 3i . 15 
2. 5± '. 17 


88.2 

92.9 

91.7 

89.2 

90.0 

88.4 

90.4 

87.2 
91.6 

87.0 


89. 7=b0.41 
, 1.9d= .29 
1 2. l=b . 32 


Ayrshire, 30; Browa Swiss. 70; Guernsey, 9; Holstein-Friesian, 
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These coefficients for fat are higher, upon the whole, than those 
reported in the literature. It is likely that this difference may be 
explained by differences in the methods of experimental procedure 
employed. In most of the investigations cited, the experimental 
periods were of one to three days^ duration. In many cases the diges- 
tive tract may not have been cleared of food residues from diets taken 
previous to the experimental diet, but instead suitable substances 
were administered for marking the feces. Probably a more important 
difference than either of those just mentioned is the fact that in many 
of the experiments cited, the milk fat was taken as part of a mixed 
diet. In such cases it is likely that more nonfat substances are 
extracted from feces by ether than is the case when the diet consists 
of milk only. In a number of cases this alone might account for the 
fact that the coefficients for fat recorded in the literature were lower 
than those reported in this paper. 

The apparent digestibility of the total protein wms found to be 
lower than that of the other components studied. (Table 3.) There 
is some variation in the data, but, on the whole, the results are remark- 
ably uniform. Of the 167 coefficients shown in Table 3, each of 
which was derived by means of a 10-day digestion trial, only 6 fall 
below 87 and only 6 exceed 95. The mean of the 167 determinations 
is 90.9 ±0.12. ^ ^ 

There are small differences in the data obtained for the various 
breeds. The means of the coefficients of the Ayrshire, Guernsey, 
Holstein, and Jersey breeds are nearly identical. It w’^ould be ex- 
tremely difficult to obtain results more nearly alike than these with 
two groups of animals, even if all animals wrere fed the same kind of 
milk. 

A possible explanation of the fact that the coefficients of apparent 
digestibility for the protein of Brown Swiss milk are higher than those 
for the milk of the other breeds is that the values in the first column 
under Brown Swiss (Table 3) were secured under different conditions 
from the others. These results were obtained in growth experiments 
with young rats. The first four coefficients id) were secured with ani- 
mals weighing 107 to 133 g.^ During the digestion trial, they consumed 
11.8 g protein per 100 g live weight. The next 14 coefficients were 
obtained with seven animals in two trials. In one trial {e, Table 3) 
their w^eight ranged from 90 to 119 g (average 101 g) and they con- 
sumed 12.8 g protein per 100 g live weight. In the second trial 
(f. Table 3) their weight ranged from 106 to 132 g (average 120 g) 
and the consumption of protein was 11.8 g per 100 g live weight. 

All the other coefficients showm in Table 3 (except the first three for 
Holstein milk) were obtained with stock animals which weighed, as a 
rule, from 175 to 300 g. The last nine coefficients under Brown Swiss 
(4) were obtained with stock animals weighing 177 to 321 g (average 
235 g.). They consumed 9.6^ g protein per 100 g live weight. 

In the light of these data, it is reasonable to assume either that the 
young growing animal, bn account of its greater requirement of pro- 
tein for growth, absorbs the protein of the food more completely than 
the naature animal, or that, because of its larger food intake in pro- 
portion to body weight, it suffers a loss of endogenous nitrogen in the 
feces which is slightly less in proportion to body weight than is the 


« g is tbe abbreviation for gram or grams. 
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case witli' the large^ mature animal. It is also^possible that both fac- 
tors may be operative, although the first is probably the more 

iiiiportaiit. 

Were the 18 coefficients shown under Brown Swiss (Table 3) to be 
omitted, the mean values for the breeds would agree more closely. 

The coefficients shown in Table 3 under (u), (6), and (c) for both 
the Ayrshire milk and the Holstein milk are those obtained in three 
successive trials in which the experimental procedure was modified as 
already explained. In trial (a), the feces which showed evidences of 
urine contamination were washed, but in trials (&) and (c) no washing 
was done. Previous to trial (c) the animals were clipped. This 
comparison, although limited in extent, tends to substantiate the 
soundness of the procedure used in all of the earlier trials. 

The apparent digestibility of the total solids of the milk was found 
to be slightly higher than that of the protein. (Table 4.) As in the 
case of fat and total protein, the differences between breeds in appar- 
ent digestibility of the total solids are so small that it is very probable 
that no true differences exist. In round numbers, the means of the 
coefficients for each of three breeds are 92, and for the other two 
breeds, 93. The other statistical constants also agree closely. 

Table 4. — Comparative apparent digestibility of the total solids of the milk of dairy 

cattle “ 


Suniraary of coefficients of apparent digestibility of total 
solids 


Mean. 

Standard deviation. 

Coefficient of variability 


Ayrshire 


90.6 

92.0 

92. 5 

93. 7 

95. 0 
91.9 
91. 5 

92.6 

92.0 

95.8 


92. 8±0.33 
1. . 23 
L6± .25 


Brown 

Swiss 


93. S 

94.7 

95.0 
95. 2 
93.9 

94.3 

95.4 

94.5 

94.1 

94.4 

96.2 

95.6 

93.9 

95.4 

92.1 

92.2 

9.3.7 

92. 5 

92.7 

92.7 

92.4 
92.7 

92.7 

91.4 

92.1 

92. 1 

91.5 

93.0 

92.6 

91.9 

92.8 

92.0 

92. 3 

90.8 

93.3db0. 15 
1.3db . 11 
1. 4db . 12 


Guernsey 


90.6 

92.4 

92.8 
92. 1 
94. 4 

91. 5 
90. 7 
92. 1 
92.3 

90.8 


92. 0d=0. 23 
1.1=1= .17' 
1. 2=1= . 18 


Holsteln- 

Friesian 


91.7 

91. 0 

91.2 

91.8 

91. 8 

90.9 
93. 1 

90. 9 

92.0 

90.6 

91.9 
93. 1 
92.5 

91.7 

93.7 

90.2 
92.4 
90. 5 

91.2 
93. 3 


91. 8d:0. 15 
1 . 0 = 1 = .10 
l.l=h .11 


Jersey 


92. 3 
91.8 
94. 1 
91.8 

91.8 

89. 9 
92.7 

92. 0 

91.0 
91. 1 


91. 9=±;0. 22 
1. l=h .16 
1. 1± .17 


of «^«termin.atlons: Ayrshire, 10; Brown- Swiss, ,34; 'Guernsey, 10; Bolstein-Friesian, 20; 
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The feces of 14 rats fed Brown Swiss milk and of 10 rats fed Holstein 
milk were tested carefully for sugar, both Fehling’s and Benedict's 
methods being used. All these tests were negative. Similar results 
had been secured in previous trials with two bx^ands of evaporated 
milk and two brands of dried milk {19, 20). It is believed, therefore, 
that the sugar of fresh whole milk is conipletely digestible. 

The fat, protein, and total solids of the milk fed during the digestion 
trials are shown in Table 5. Each value given represents the average 
of two or more determinations made upon a composite sample. 


Table 5. — Composition of milk fed during digestion trials 


Breed 


Fat 


Protein 


Total 

solids 


Breed 


Fat 


Protein 


Total 

solids 


Ayrsliire- 


Brown Swiss.. 


Per cent 
3. 04 


2. 99 
2.35 


4. 02 
4.33 
2. 83 
2. 69 


3. 29 
3. 08 


3. 35 
3. 53 
3 26 
3.90 


3. 65 
3.86 
3.79 
3.89 
3. 91 
3.88 
3. 44 
3.50 

4. 14 

4.15 


Per cent 
12. 15 
12. 15 
12. 21 
12. 64 
12. 17 

12. 47 
11.80 

13. 62 
13. 72 
13. 84 
13. 89 
14. 12 

12. 34 
11. 66 

13. 60 
13. 05 
13. 22 
11.74 


Guernsey. 


Holstein - 


Per cent 


2. 93 
2.77 




08 


Per cent 
3.70 


2. 95 
2. 97 

3. 26 


2.99 
2. 93 
2. 76 
3.64 


Per 


cent 

13.79 

14. 02 
10. 60 

10- 34 
11. 75 
11. 65 
11. 28 

11- 15 
11. 04 

11.02 

13. 74 

14. 96 


SUMMARY 

The apparent digestibility of the fresh whole milk of five breeds of 
dairy cattle was studied by means of 10-day digestion trials with 
albino rats. Milk only was fed. 

The fat of fresh whole milk was found to be very highly digestible, 
the coefficients obtained indicating an apparent digestibility of about 
99 per cent. There were no significant differences in digestibility of 
the milk fat of the bi'eeds studied. 

The protein of fresh whole milk was found to be about 91 per cent 
digestible. The data show slight differences between the milks of 
the breeds, but on account of some variations in the methods em- 
ployed at different times in the course of the investigation, these 
differences between breeds are believed to have no significance. 

The total sohds of fresh whole milk were slightly higher in digesti- 
bility than the protein, as would be expected, but no true differences 
between breeds were found. 

The sugar of fresh whole milk was found to be completely digestible . 
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THE CARBON METABOLISM OF FUSARIUM OXYSPORUM 

ON GLUCOSE ‘ 

By Arthur K. Anderson, Physiological Chemist; Edward L. Evbritt and 
Philip D. Adams, Pennsylvania Agricultural Experimental Station 

INTRODUCTION 

A very important phase of research in plant pathology is that which 
deals with the physiological relationships existing betw’-een the 
causative organism and the host. Any information on the biochem- 
istry of the causative organism should prove of value in studying the 
physiology of a plant disease. It is very probable that some metabolic 
product of the organism is the important factor producing the symp- 
toms of the disease in the plant. 

REVIEW OF LITERATURE 

In the past considerable work has been done on the biochemistry of 
Fusarium Uni Bolley, the organism causing flax wult. In 1920 
Tochinai 10 ^ liy reported a rather complete study of the food 
requirements of this organism. In 1924 Anderson {1) repeated much 
of the work of Tochinai and also studied the products of metabolism 
of this organism on glucose and xylose media. He found that the 
organism produced a rather typical alcoholic fermentation on glucose. 
About 90 per cent of the orginal carbon could be accounted for in the 
products of metabolism studied. In the case of xylose about 80 per 
cent of the original carbon could be accounted for in the ethyl alcohol, 
carbon dioxide, and mycelium produced. He suggested the possibil- 
ity that the alcohol caused the wilt. 

In 1926 Letcher and Willaman {6) attempted to correlate the patho- 
genicity of various strains of Fusarium Uni with their ability to 
produce ethyl alcohol. They examined nine strains of the fungus 
and found that the two which were the least virulent on flax produced 
the least alcohol. It should be noted, however, that the strain which 
produced the most alcohol was not the most virulent. 

In 1928 White and Willaman { 14 ^ 15) studied the fermentation of 
pentoses by Fusarium Uni and accounted for nearly 100 per cent of 
the original carbon in the form of carbon dioxide, ethyl alcohol, and 
mycelium. They also reported the growth of the organism on the 
postulated intermediate products formed by yeast in the pyruvic acid 
theory of fermentation. They believed that F, Uni ferments glucose 
by the same mechanism as that of yeast. 

Eeynolds (<?) in 1926 reported on the utilization of various carbohy- 
drates and nitrogen compounds hj Fusarium Uni. 

In 1931 Birkinshaw, Charles, Kaistrick, and Stoyle (B) reported on 
the carbon metabolism of various species of Eusarium, including 
F. oxysporum, grown on a glucose medium. They found some varia- 
tion among the various species but all of them produce ethyl alcohol. 

A Received for publication July 22, 1932; issued April, 1033. 
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PURPOSE OF THE INVESTIGATION 

Tlie purpose of the present work has been to open the way for an 
investigation of another wilt-producing fungus, Fusarium oxysporum 
Schlecht., using the same type of medium and emplojnng essentially 
the same methods of determining the products of metabolism as were 
employed Anderson (!) on F. Uni. This has made it possible to 
compare the metabohsm of these two organisms under practically the 
same conditions. The principal part of the study has been to deter- 
mine the quantitative distribution of the chief products of metabolism 
(ethyl alcohol, carbon dixoide, and mycelium) of F. oxysporum on glu- 
cose*! A further study has been made to determine whether or not ethyl 
alcohol, ill concentrations ecpial to that produced by F. oxysporum in 
artificial cultures, is toxic to potato cuttings, 

METHODS 

SOURCE OP FUSARIUM OXYSPORUM CULTURE 

The culture of the organism used in this work was obtained from 
the mycological herbarium of the University of Minnesota through 
the courtesy of Dr. Louise DosdalL This was isolated in 1919 by 
Dr. G. R. Bisby (3) in coimectioii with his studies on the Fusarium 
diseases of potatoes and truck crops. 

CULTURE MEDIA 

The mineral medium used in this work was the same as that used 
by Tochinai {9) and Anderson {!) in theii* work on Fusarium Uni. It 
has the following composition : 


Ammonium nitrate 1. 00 

Magnesium sulphate . 25 g 

Monopotassium phosphate . 50 g 

Water to make_- 1,000 c c 


To this stock solution sufficient glucose was added to make an 
approximately 2 per cent solution of glucose. The exact quantity of 
glucose was determined after sterilization by the Folin-Wii (S) 
method. 

HYDROGEN-ION CONCENTRATION 

Hydrogen-ion concentration determinations were made by the 
electrometric method using the quinhy drone electrode. 

CULTURE FLASKS AND TEMPERATURE OP INCUBATION 

The cuitiire flasks used were 500 c c Erlenmeyer flasks fitted with 
2-hole riiDber stoppers. Glass tubes were placed through the holes 
of the stoppers and bent at right angles just above them. One of the 
tubes extended just below the stopper and the other reached to the 
bottom of the flask. The outer end of each tube was plugged with 
cotton and fitted with a rubber tube that could be closed by a pinch- 
cock. Into each flask 300 c c of the medium were placed and the long 
tube was drawn up so that the lower end was about an inch above the 
surface of the liquid. The flasks were then sterilized at 15 pounds 
pressure for 20 minutes. When cooled each flask was inoculated by 
the addition of 5 c c of a spore and mycelium suspension of the 

s g is the abbreviation for gram or grams recently adopted by the Style Manual for U. S. Government 
printing. 
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organism in water. The stoppers were then adjusted and sealed with 
parafSn and the rubber connections closed with pmchcocks. 

The flasks were kept at room temperature in a laboratory where the 
temperature varied only slightly from 25^ C. 

DETERMINATION OF CARBON DIOXIDE 

Carbon dioxide was determined at frequent intervals throiiglioiit the 
experiment in order to prevent loss of this product of metabolism. 
The method used was to_ aerate each cultute flask into barium hydrox- 
ide solution contained in a Truog (12) tower fitted into a 500 c c 
suction flask through a rubber stopper. The air used for aerationxvas 
freed from carbon dioxide by passing it through soda lime. In order 
to prevent loss of alcohol, a Truog tower containing concentrated 
sulphuric acid was placed ahead of the barium hydroxide tower. A 
separate sulphuric acid tower was prepared for each culture flask. 
These were used every time a culture flask was aerated for carbon 
dioxide and finally the alcohol was determined, as will be described 
later. After aeration the excess of barium hydroxide was titrated 
with standard hydrochloric acid solution using phenolphthalein as an 
indicator. Before flasks were removed for final analysis the long 
tube was pushed below the surface of the liquid and aerated for 30 
minutes in order to remove the last traces of carbon dioxide. Each 
time the flasks were aerated for carbon dioxide a blank determina- 
tion was made. The titer of the carbon dioxide determinations was 
subtracted from this blank and the difference used in calculating the 
carbon dioxide in the sample. 

DETERMINATION OF DRY MATTER AND CARBON IN THE MYCELIUM 

When the experiment was started a sufficient number of culture 
flasks were prepared so that duplicate samples could be analyzed at 
intervals of a week or 10 days over a period of about two months. 
The weight of mycelium was determined by filtering through a 
weighed Gooch crucible and washing with water. The pad of my- 
celium was then dried to constant weight at 100^ C. The filtrate was 
made up to a volume of 500 c c and aliquot portions were used for 
subsequent determinations. 

The carbon in the mycelium was determined by the wet combustion 
method using the Knorr apparatus and the details of procedure as out- 
lined by White and Holben {IS), The entire mycelium mat, together 
with the asbestos, was introduced into the digestion flask, 

DETERMINATION OP ALCOHOL 

For the determination of ethyl alcohol the method of Dox and 
Lamb {4) was used with modifications. In this method the alcohol 
is oxidized to acetic acid which is distilled and titrated with standard 
alkali. After filtering and washing the mycelium and making up the 
filtrate to a volume of 500 c c, a 300 c c aliquot of the filtrate was 
saturated with solid ammonium sulphate and the mixture aerated for 
48 hours into a Truog tower containing concentrated sulphuric acid. 
The acid mixture, together with the glass beads, was then transferred 
to a 2-liter Claison flask containing 22 g of potassium dichromate. 
After standing for 20 minutes the Faulting acetic acid was distilled 
and titrated with standard alkali. In this distillation the flask was 
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heated iiiitil foaming occurred. Next 100 c c of carboii-dioxide-free 
water were added to the distilling flask, the distillation was repeated, 
and the distillate titrated. This last procedure was repeated iintiha 
constant titer was obtained. This represents the amount of sul- 
phuric acid unavoidably distilled at each distillation, and the constant 
titer tiiiies the number of distillations represents a blank which must 
be subtracted from the sum of all the titrations. 

Since in the determination of carbon dioxide a sulphuric acid tower 
was always placed ahead of the barium hydroxide tower to collect 
any alcohol given off, another alcohol determination was made on the 
contents of this tower. The quantity of alcohol found was added to 
that found in the filtrate to give the total alcohol produced in a given 
flask. 

DETERMINATION OP GLUCOSE 

Glucose was determined by the method of Folin and Wu (d). An 
aliquot of the filtrate from the mycelium determination was diluted so 
that 1 c c contained about 0.1 mg of glucose. Under these conditions 
the color of the unknown matches closely that of the Folin and Wu 
dilute glucose standard. 

PRESENTATION OF DATA 

Sixteen flasks with 300 c c of medium containing a loiown quantity 
of glucose as the only source of carbon were inoculated with a spore 
and mycelium suspension of Fusarium oxysporwm. These were 
stoppered and the aeration tubes were closed by means of rubber tubes 
and pinchcocks in order to prevent loss of carbon dioxide. Carbon 
dioxide was determined at frequent intervals. During the active 
growth of the organism it was determined daily. At intervals of a 
week or 10 days two flasks were removed and analyzed for residual 
carbon dioxide, carbon in the mycelium, glucose, and ethyl alcohol. 
The original culture medium was analyzed for glucose and the pH 
determined. The last two flasks were used for pH determinations. 


Table 1 . — Distrihution of metabolic 'products of Fusarium oxyspormn on a glucose 
medium at various stages of growth 


Age of 
culture 

(days) 

Alyceliuin 

Carbon dioxide 

Ethyl alcohol 

Glucose 

Total 
re- 
covery 
of car- 
bon as 
related 
to 

initial 
car- 
bon « 

pH 

Weight 

Weight 

of 

carbon 

Car- 

bon 

Car- 
bon as 
related 
to 

initial 
car- 
bon “ 

Weight 

of 

carbon 

Car- 
bon as 
related 
to 

initial 
car- 
bon <* 

Car- 
bon in 
300 c c 

Car- 
bon as 
related 
to 

initial 
car- 
bon « 

Car- 
bon in 
300 c c 

Car- 
bon as 
related 
to 

initial 
car- 
bon « 


Gmm 

Gmm 

Per 

cevi 

Per 

cent 

Gram 

Per 

cent 

Gram 

Per 

cent 

Gram 

2. 0633 
1. 6170 
.0141 

Per 

cent 

100 

i 78.37 
.68 

Per 

cent 

100 

108. 17 
80. 33 
80.72 
82.23 
85. 32 
85. 34 
87. 03 

4. 15 

6.55 

12 1 

20..— 

27-. 

36— . -.-I 

59-, 

68 -..----. 

' ,0. 1399 
. 2466 
' , 2432 
.2484 
.2440 
2399 
. 1929 

0. 0651 
.,1129 
. 1095 
.1140 

,1118 i 

.1204 
. 1027 

46.53 
45.78 
45.02 
45. 89 
45. .82 
50. 18 
53. 24 

3.15 
5.47 
5.31 
5.52 
5. 42 
5.83 
4.98 

0. 1998 
. 5150 
. 5389 
.5457' 
.5779 
.6376 
.7051 

9. 68 
24. 96 
26. 12 
26.45 
28. 01 
30.90 
34.17 

0. 350i 

1. 0153 
1.0172 
n. 0379 
n , 0707 

1. 0030 
. 9878, 

16. 97 
49.21 
! 49. 30 
50. 30 
51. 89 
48.61 
47. 88 


^ f carbon in the glucose originally present. 
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In all, four experiments were run. In Table 1 and Figure 1 the 
data are given for one representative experiment. It should be 
noted that results are expressed in terms of carbon and also in terms 
of percentage of the carbon of the glucose originally present in each 
flask. 

Eeferring to Table 1 and Figure 1, the following facts are brought 
out concerning the progressive changes in the products of metabolism. 

THE MYCELIUM AND ITS C.ARBON CONTENT 


The weight of mycelium increases rapidly, reaches a maximum at 
36 days, and finally decreases. The maximum is reached at the time 
that all the glucose has been consumed. Apparently stored material 



FiGUEE 1. — Distribution of metabolic products of Fusarium oxysporum when grown on glucose 

in the mycelium is consumed after other sources of food haye been 
utilized. 

The weight of dry mycelium produced approximates that found by 
Anderson (1 ) for Fusarium Uni, although he used only one-third as 
much medium. He found as high as 16.75 per cent of the original 
carbon in the mycelium, while with F. oxysporum 5.83 per cent is the 
maximum, F. Uni shows a very definite utilization of ethyl alcohol 
for mycelium production. F. oxysporum is apparently unable to 
utilize ethyl alcohol for mycelium building purposes. 

The percentage of carbon in the mycelium remains very constant at 
about 46 per cent for 46 days when it increases to a final value of over 
53 per cent. This increase in carbon content of mycelium with age 
was also noted by Anderson (1) in his work on Fusarium Uni. Since 
carbohydrates contain about 40 per cent of carbon, proteins from 51 
to 55 per cent, and a typical fat such as tiistearin 76.87 per cent, 
Anderson believes that the increase of carbon in the mycelium indicates 
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a,: change of the carbohydrate in young mycelium into fat as the myce- 
iiiim ages. Since the percentage of nitrogen in the mycelium decreased 
with agOj he felt there was .not a change of carbohydrate to protein. 
Although nitrogen was not determined on the mycelium in this work 
on F. oxysporum, it is a reasonable assumption that the increase in 
carbon content is due to a conversion of carbohydrate into fat. 

The percentage of original carbon found in the mycelium is w^'cll 
over 5 during active growth. In the last analysis this drops to 4.98 per 
cent, which indicates a utilization of carbon in the mycelium for 
food purposes as other sources of food are consumed. 

CARBON DIOXIDE 

Carbon dixoide is produced throughout the experiment. During 
the early part of the experiment carbon dioxide was produced very 
rapidly, necessitating its determination daily. When the glucose is 
all consumed, the rate of carbon dioxide production decreases so that 
it is necessary to determine it only at infrequent intervals. The 
percentage of original carbon in the form of carbon dioxide increases 
througlmut the experiment, reaching a maximum of 34.17 per cent 
in the final analysis. 

ETHYL ALCOHOL 

Ethyl alcohol is produced rapidly by Fusariurn oxysporum. In 20 
days the percentage of original carbon in the form of ethyl alcohol 
is 49.21. This increases gradually to 51.89 per cent at the end of 46 
days. From then on the quantity of alcohol decreases, falling to 
47.88 per cent of the original carbon at the end of the experiment. 
Anderson {!) in his work on F, Uni found that this organism converted 
52.75 per cent of the original carbon into alcohol when the amount of 
alcohol was at a maximum. At the end of the experiment the original 
carbon in the form of ethyl alcohol was only 29.51 per cent. F, Uni 
very definitely utilizes ethyl alcohol as a food material. There is 
only slight utilization of ethyl alcohol by F. oxyspormn. 

GLUCOSE 

The glucose of the medium is consumed rapidly. In 20 days there 
is only a trace left. Since the total recovery of carbon at the end 
of the 12-day period is 108.17 per cent, it is felt that the error is in 
the determination of glucose. It is very possible that in the early 
stages of growth the organism converts glucose into intermediate 
products which have the power of reducing copper solutions. If this 

is true, the value for glucose at the 12 -day period is high. 

TOTAL RECOVERY OP CARBON 

In the column headed ‘Total recovery’^ in Table 1 are recorded the 
sum of Ihe values obtained for the various products of metabolism. 
It be noted that at the end of the 12-day period the recovery is 
108 . 1 / per cent. As pointed out above this is likelv due to the proT- 
diictioE of iniermediate products which reduce copper solutions, ren- 
dermg the glucose determination high. At the end of the 20-day 
l^riod the total recovery has fallen to 80,33 per cent. From then on 
tlie total i‘ecovery gradually mcreases until at the end of the experi- 
ment it is 87.03 per cent. The fact that all of the carbon is not 
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accounted for indicates that there are other products of metabolism 
than those studied, although some of the loss may be due to incom- 
plete recovery of some of the products studied. 

HYDROGBN-ION CONCENTRATION 

Determinations of pH were made only at the beginning and at the 
end of the experiment. The initial pH was 4.15 and the final pH 
was 6.55. Anderson (Jf) in his work on Fusarium Zini found that this 
organism changed the pH of the medium toward the optimum for 
growth. It appears that the same occurs with F. oxysporutn. 

RATIO OF PRODUCTS OP METABOLISM TO ONE ANOTHER AND TO GLUCOSE 

CONSUMED 

The relationships existing between the products of metabolism and 
the compounds consumed by a fungus have been expressed by means 
of various ratios and percentages. Such terms as respiration coeffi" 
cient, economic coefficient, respiration equivalent, plastic equivalent, 
etc., have been introduced into the literature. There has been such 
a lack of uniformity with regard to the usage of these terms that in 
Table 2 a formula is placed at the head of each column to make 
perfectly clear the sense in which these terms are used in this discus- 
sion. They are used in the same sense as used by Peterson, Fred, 
and Schmidt (7). 

The respiration coefficient represents the grams of carbon dioxide 
produced per gram of dry mycelium. It will be noted from Table 2 
that this coefficient gradually increases with the age of the culture. 
Finally there is a rapid increase due to the consumption of the myce- 
lium ffself as a food material. The values are very much higher than 
those found by Anderson (/) for Fusarmm Uni. 


Table 2.— Quantitative relationships existing between the mrious metahoUe products 
of Fusarium oxysporum when grown on a glucose medium 


Age of culture (days) 

Respiration 

coemeient, 

“ weight of 
CO 2 

Economic 
coefficient, 
weight of 
sugar con- 
sumed 

Respiration 
equivalent, 
carbon 
of CO 2 XIOO 

1 

Plastic 
equivalent, j 
carbon 
of myee- < 
liuniXlOQ ! 
carbon i 
of glucose i 
consumed 

Alcohol 
equivalent, 
carbon 
of alcohol 1 
XlOO 

Carbon 

of 

alcohol 

carbon 
of COi 

: w^eight of 
mycelium 

carbon 

consumed 

carbon 
of glucose 
consumed 

weight of 
mycelium 

12 .-.-... 

5. 24 

7.98 

44. 76 

14. 60 

78. 45 

1.75 

20 

7.66 

20. 78 

25.03 

6.51 

52.09 

1.97 

27......... 

8.13 

25.32 

26.12 

5.31 

49.30 

L8S 

36 

8.06 

24.79 

26. 45 

5. 52 

50. 30 

1,90 

46 ..... ... 

! 8.68 

25.24 

28. 01 

5.41 

51.90 

1.85 

59 

i 9.75^ 

25.66 

30. 90 

5.83 

48. 61 

i 1.57 

68-.- 

: 13.40 

31.92 

34. 17 

4.98 

47.90 

■ 1.40 


The economic coefficient represents the grams of glucose necessary 
to produce 1 g of dry mycelium. This coefficient increases with the 
age of the culture, reaching a maximum of 31.92 in 68 days. Ander- 
son (1) found a maximum value of 13.1 with Fusarmm Uni. 

The respiration equivalent is the percentage of carbon consumed 
that is transformed into carbon dioxide. With the exception of the 
12-day period, where the value is high due to a false sugar value, this 
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equivalent increases with age. Anderson (1) found slightly higher 
values for Fusarium llnL 

The plastic equivalent represents the percentage of carbon source 
used in invcelium svnthesis. Here again is found a high value at the 
12-day period due*' to a false sugar value. The other values are 
approximately constant but lower than those found by Anderson (!) 
for Fusarium lim. 

The alcohol equivalent is a new term that the authors have intro- 
duced which expresses the percentage of carbon of the glucose consumed 
that is converted into alcohol. At the end of the r2-day period the 
value is 78.45 which is undoubtedly too high due to a false glucose 
value as mentioned above. For the remaining periods the value 
drops to around 50. In the last two periods the value drops due to 
consumption of the alcohol by the fungus. 

In the last column the ratio of carbon in alcohol to carbon in carbon 
dioxide is given. In a typical alcoholic fermentation glucose is decom- 
posed according to the following equation: 

CeHisOe = 2C2H5OH + 2CO2. 


In this equation the ratio of carbon in alcohol to carbon in CO 2 is 2:1. 
It will be seen from Table 2 that at the end of the 20-day period the 
value is 1.97:1, which is very close to the theoretical for a typical 
alcoholic fermentation. From this point on the ratio decreases until 
at the end of the experiment it is 1.40:1. Here again utilization of 
the alcohol by the fungus is indicated. 

In the early part of this study an error was made in making up the 
nutrient mineral solutioiu In place of 1 g of NH4NO3 per liter, 100 g 
per liter were used.^ It is felt worthy of mention that Fusarium oxy- 
sporum grew on this medium and produced a typical alcoholic fer- 
mentation. When the distribution of the products of metabolism 
were charted as in Figure 1, in general, the curves were the same. 
The main difference between the two figures was that the rate of 
production of the various products of metabolism on the strong 
mineral solution was about one-third as fast as on the weak mineral 
solution. 

THE EFFECT OF ALCOHOL ON POTATO GUTTINGS 

Anderson {!) has suggested that the toxicity of Fusarium Uni io 
flax may be due to the production of ethyl alcohol by the organism in 
the plant tissue. When it was ascertained that F. oxysporum pro- 
duces ethyl alcohol on glucose it became of interest to study the effect 
of solutions of ethyl alcohol at various concentrations on potato 
cuttings. , 

Solutions of alcohol were made, varying in concentration from 0.5 
to 5 per cent in increments of 0.5 per cent. Potato cuttings were 
placed in these solutions in beakers. Several cuttings were placed in 
tap water as a control. In no case was there any appreciable change 
vrithin 24 houm, other than a slight curling of the leaves. After 48 
hours a mottled yellow began to appear on the leaves of the cuttings 
in alcohol. This did not occur in the controls. The stems remained 
firm. ^ WTien the cuttings in alcohol were shown to a pathologist 
familiar vuth potato diseases, he believed they were affected with an 
extreme case of leaf mosaic. There was no wilting of the stems even 
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at the end of five days. A very striking odor resembling that of ripe 
cantaloupes was given oft* by the cuttings in alcohol. 

Since in all of the above work the stems remained firm, it was 
decided to determine the concentration of alcohol necessary to pro- 
duce definite and rapid wilting. Cuttings were placed in solutions 
containing from 10 to 55 per cent of alcohol in increments of 5 per 
cent. Within two hours there was a general wilting in all cases, the 
wilting increasing in severity with the higher concentrations. There 
was no appreciable change in color of the leaves as was noted with 
the more dilute solutions of alcohol. The cantaloupe odor previously 
noted was very strong in all cases. Judging from the esterlike odor, 
one is led to the hypothesis that the potato plant is able partly to 
protect itself against ethyl alcohol by converting it to an ester. 

The findings in solutions of alcohol up to 5 per cent are in agreement 
with the work of Wliite {16) who observed no ill effects on tomato 
cuttings in solutions of ethyl alcohol up to 4 per cent. 

SUMMARY AND CONCLUSIONS 

It is evident from the data presented that the main products of 
metabolism of Fusarium oxysporum on glucose are carbon dioxide and 
ethyl alcohol. The proportion of these two compounds formed indi- 
cates that the organism causes a rather typical alcoholic fermentation. 
In this respect F. oxysporum is similar to F, lini. 

Fusarium lini very definitely uses ethyl alcohol as a source of food 
supply while F. oxysporujn makes only slight use of this product. 

Work with potato cuttings in ethyl alcohol solutions would indicate 
that this product is not responsible for the wilting of potato plants. 
It is likely that small quantities of alcohol are rendered nontoxic by 
conversion into an ester by the potato plant. Potato cuttings in a 
10 per cent alcohol solution showed very definite symptoms of wilting. 
It is quite possible that in this case the concentration of alcohol in 
the tissue was much less than 10 per cent. Although there is no 
experimental evidence to support the theory that alcohol is responsible 
for the wilting, it is reasonable to suppose that alcohol may at least 
be a factor in the production of the symptoms of wilt in potato plants 
infected with Fusarium, oxysporum. 
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INFLUENCE OF LIGHT, TEMPERATURE, AND SOIL MOIS- 
TURE ON THE HARDENING PROCESS IN ALFALFA' 

By H. M. Tysdal2 

Associate Agronomist^ Division of Forage Crops and Diseases, Bureau of Plant 
Industry, United States Depart7nent of Agriculture 

INTRODUCTION 

Although much progress has been made in increasing the ability of 
plants to withstand cold by selection and breeding, little is known of 
the fundamental physiological phenomena which serve to make a 
plant winter hardy.” In fact, these improvements have been made 
by plant breeders under the handicap of having to wait for “test” 
winters to eliminate the unhardy selections. In any improvement 
program involving winter hardiness a simple method of determining 
cold resistance would be of great value, for with such a method 
newly introduced varieties could be tested without delay. 

Studies of cold resistance with the aid of controlled freezing methods 
have gone forward in various laboratories with promising results. 
Some workers in this field, notably Hill and Salmon (7),® Akerman 
(f), and Martin { 11 ) ^ have suggested that it is essential for plants to 
go through the hardening process before correct varietal differentia- 
tion in cold resistance can be obtained. The influence of such factors 
as light, moisture, and even temperature on the ability of plants to 
resist cold is, however, still largely unknown. Very little is known 
regarding the time necessary for optimum hardening under uniform 
conditions. A better understanding of these and other factors would 
lead to greater refinements in the procedure of determining hardiness 
and might well be made one of the first steps in a study of the whole 
problem of winter hardiness. 

The present paper deals with the influence of light, temperature, 
and soil moisture on the ability of alfalfas to survive cold. In practi- 
cally all the tests several varieties ^ having a wide range in winter 

1 Received for publication Mar. 30, 1932; issued April, 1933. Presented to the faculty of the Graduate 
School of the University of Minnesota in partial fulfillment of the reciuirements for the degree of doctor 
of philosophy, June, 1931. This paper, the third of a series on hardiness in alfalfa, is based on cooperatii'e 
investigations between the Division of Forage Crops and Diseases, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, and the Department of Plant Pathology, Nebraska Agricultural Experiment Station. 

2 The writer wishes to express his appreciation to Prof. A. C. Arny, of the Division of Agronomy and 
Plant Breeding, University of Minnesota, for encouragement and suggestions during the progress of the 
work; to Dr, R. B. Harvey, of the Division of Plant Pathology and Botany, section of plant physiology. 
University of Minnesota, for constructive criticism; to Dr. G. L. Peltier, of the Department of Plant Path- 
ology, University of Nebraska, and to Dr, A. J, Pieters and H. L. Westover, of the Division of Forage Crops 
and Diseases, Bureau of Plant Industry, for suggestions and material assistance: to W. D. Bancroft, in 
charge of the U. 8. Weather Bureau solar radiation station at Lincoln, Nebr., for assisting in securing 
light-radiation data; to Dr. 11. G, Bailey, of the Division of A^icultural biochemistry, University of Min- 
nesota, for the spectrophotometric measurements given in Figure 4; and to J. R. Garl, formerly agent, 
Bureau of Plant Industry, for assistance in making plant eounts. 

3 Reference is made by num her dtalie) to Literature Cited, p. 514. 

4 It is recognized that the term “ variety”' is not used in the correct botameal sense. However, since the 
alfalfas employed in this study have distinct physiological differences and since the term is convenient, 
they will be termed “varieties” throughout this paper. 
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liardiBess were used with the object of determining what particular 
set of enTironnieiitai conditions would bring out the greatest varietal 

differentiation. 

The effect of low temperature on plants has been studied tor at 
least 200 years, and voluminous literature on the subject has ac- 
ciiiiiiilatecL The work of previous investigators has been reviewed 
bv Blackiiian (.2), Chandler (S), Harvey (o), Rosa (^^), Akerman (i), 
Maximov (12), Steininetz {24), and others, and therefore only the 
iiiore pertinent papers will be mentioned in connection with the diS“ 
ciission of each environmental factor. 

MATERIALS AND METHODS 

EQUIPMENT 

xill results herein reported were obtained from seeds sown and from 
plants grown, hardened, frozen, and thawed in the greenhouse. The 
equipment used in the plant pathology greenhouses of the Nebraska 
Agricultural Experiment Station has been described in detail by 
Peltier (17). Briefly, the greenhouse, besides having the ordinary 
warm space maintained at a temperature of approximately 20*^ C., is 
equipped with a hardening room, which is cooled b}^- air drawm over 
artificially refrigerated coils. The hardening room is similar to the 
warm greenhouse except that it has double-glass top and sides, with a 
2-inch air space between the glasses. It can be maintained at a tem- 
perature vaiying between 0° and 5®. 

Six temperature cases described by Peltier and Goss (18) were 
placed at one side of the hardenhig room. These were electrically 
heated and could be maintained fairly constant at any desired 
temperature above the room temperature. The variation in tem- 
perature in these cases was less than ± 1° C. A current of air was forced 
through the cases constantly by means of an electric blower connected 
through a common conductor to each case. This blower’ had a 
capacity of 225 cubic feet per ininiite, and since the volume of all the 
cases was only 252 cubic feet (42 cubic feet each) there w^as a change of 
air approximately every IJg minutes. x\.etually the change may not 
have been so rapid, since there was not a free movement of air through 
the eases. However, sufficient ah passed through to keep the tem- 
perature constant. Two and one-half feet above one case was hung a 
1^, 000-watt electric-light bulb, used for the long-day experiments. 
For the 17-hoiir day, the light was put on at 4 p. m. and was auto- 
matically switched off at the desired time by means of an alarm clock, 
the alarm winder of wffiich "was tied to a switch. No artificial light 
was used in the morning, so the light went off regularly at 10 to 12 
o'clock inidnight, as deshed. In addition to the six cases mentioned, 
three cases at approximately 20° C. were placed in an adjoining warm 
room. These eases were used in preference to the ordinary green- 
lioiise, as conditions in them were more nearly comparable to condi- 
tions in the cases in the hardening room. 

The head house wasy.quipped with a freezing roomfi 7:by 8 feet, 
which (‘quid be maintained by artificial cooling at a temperature as low 
as —35° C. yuth a variation of ±2°. ■ 

The cont«am^ in which the plants were grown were of three types: 
Mooden flats, 15 by 18 by 7 inches; metal water-tight containers, 4 
by 4 inches In” 6 inches deep; and ordinary porous clay pots, 4 inches 
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in diameter. The seed was sown in rows in the flats, each flat con- 
taining 5, 6, or 7 rows with approximately 30 plants per row. The 
seed was sown broadcast in the pots and tin containers, each contain- 
ing from 10 to 20 plants. No effort was made to have the number 
constant, as preliminary experiments indicated that a slight difference 
in the number did not introduce an appreciable error. Difficulties 
due to damping off of young plants during the short days in winter 
were largely overcome by wetting the soil in the pots thoroughly 
before planting, covering the seed with a shallow layer of sand, and 
supplementing daylight with powerful electric lamps for a portion of 
the night. 

The soil used throughout the experiments was a rich loam mixed 
with sand in the proportion 4:1. 

VARIETIES USED 

In practically all the work three to six varieties of alfalfa were used, 
including the following: Turkestan, F. C. I.^ No. 15754; Grimm, 
F. C. I. No. 15713; Nebraska common; Utah common, F. C. I. No. 
15815; Arizona common, F. C. I. No. 15837; and Ladak, F. C. I. No. 
14135. If only three were included, they were usually Turkestan, 
Grimm, and Arizona common. In a few of the later experiments 
Grimm alone was used. The first 3m ar the seed was treated with 
concentrated sulphuric acid for 10 minutes before it was sown. This 
was to insure against ^ffiard^ ’ seeds coming up after freezing. With 
more experience it was found that new seedlings could readily be 
distinguished, and, except in a few instances, treating was discon- 
tinued the second year. 

MEASUREMENT OF HARDENING 

The response of a plant to the hardening process was measured by 
its ability to survive cold in the artificial freezing chamber. Except 
where specially noted, the technic followed in all the experiments 
herein reported, which in all instances was based on previous experi- 
ments, has been described by Peltier and Tysdal (£ 0 ), The nMin 
features common to all tests were as follows: 12 to 16 hours before 
exposure in the freezing room the porous pots or flats were sat- 
urated with water. Natural drainage left the soil in different pots 
or flats at approximately the same moisture content. During freezing 
the temperature in the freezing room was maintained as nearly uni- 
form as possible. Relatively short exposures at rather low tempera- 
tures were employed. Immediately after freezing, the plants were 
transferred to a warm room, where they were allowed to recover. 

In all experiments the measure of survival of the plants was based 
on actual counts. The plants were counted before they were put 
into the hardening room and again two weeks after they were frozen. 
From these two numbers the percentage survival was calculated. 
In practically all the experiments the freezing was so severe that the 
tops of the plants were completely killed, and the surviving plants 
had, therefore, to start new growth from the crowm. These plants 
showed a great difference in the rate of recovery, depending on the 
degree of injury. An estimate of the degree of injury might therefore 


5 The letters F. C. L indicate accession numbers of the Division of Forage Crops and Diseases. 
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haTe been used as a basis for tabulatiiig differences. This method 
has been used by Hill and Salmon (7), Quisenbeny (21), and others, 
but since it is subject to errors of judgment, it was considered more 
accurate, in the case of alfalfa at least, to make an actual count of the 
plants surviving. 

AGE OF PLANTS AT FREEZING 

Steinbauer {23) found red-clover plants to be least resistant to cold 
at 21 davs of age, when they were forming the first pair of permanent 
leaves. ^In alfalfa, however, Peltier and Tysdal {20) found that resist- 
ance began earlier and increased with age up to 60 days, except that 
seedlings 5 days old, just emerging from the soil, were more resistant 
than those 10 days old with two cotyledons and the third leaf showing. 
The relative varietal response at 25 to 30 days was the same as at 53 or 
60 days. As a result of these findings, the plants used in the following 
studies were allowed to grow in the warm greenhouse approximately 
30 days, and unless otherwise stated this procedure was followed 
throughout. 

LENGTH OF TIME IN HARDENING ROOM 

Peltier and Tysdal (20), in studying the influence of length of the 
hardening period on resistance to cold, kept alfalfa plants in the hard- 
ening room at temperatures of 2° to 4° C. from 1 to 35 days. They 
found that resistance increased with increasing time in the hardening 
room up to 14 to 15 days. Thereafter it remained much the same up 
to 23 days; at 35 days it was again low, probably due to exhaustion of 
the plants. This decrease in resistance corresponds with observations 
by xMolisch (13), who found that plants continuously exposed to a 
temperature too low for normal metabolism, but above the freezing 
point, die. From the results of these experiments it was concluded 
that a 14-day period would be optimum for hardening under constant 
conditions. It is realized that this period may not be best under all 
eonditions, but it affords a basis for standardizing the experiments in 
this respect, without which it would be impossible to deal satisfactorily 
with the large number of variables involved. 

INFLUENCE OF LIGHT ON THE HARDENING PROCESS 

To determine the effect of light on the hardening process in the dif- 
ferent alfalfas, three groups of experiments were made, namely, those 
primarily concerned with (1) the influence of length of day,' (2) the 
influence of light intensity, and (3) the influence of w^ave length of 

light. 

INFLUENCE OP LENGTH OP DAY 

In general, the results obtained by investigators of the relation of 
hght to plant growth point to decreased growth and increased chloro- 
phyll concentration with decreased light intensity. Low light intensi- 
ties favor top growth at the expense of root growth, although on this 
point there is some difference of opinion. Greater storage, or at least 
greater manufacture, of carbohydrates takes place in the long-day 
plants. Small variations in the quality of light do not markedly affect 
plant growth, but optimum growth occurs under a complete spectrum 
rather than under a portion of it. Length of day exhibits a more strik- 
ing influence on development of plants than does intensity of light. 
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Oakley and Westover (16) clearly demonstrated that the prostrate 
habit exhibited by some species and varieties of alfalfa under shortened 
day length in the fall might be traced to their response to light. 
However, they did not show whether this response to light actually 
served to harden the plant. 

The present study was undertaken to determine the part played by 
length of day in the hardening process in alfalfa varieties. In fact, 
this work Avas started with the assumption that a long day would 
build up carbohydrate reserves in the plant, and results reported by 
Graber et al. (4), Willard (f5), and others indicated that large carbo- 
hydrate reserves better enable plants to overwinter successfully. 
From this it appeared that the longer the day, within certain limits, 
the better chance the plant would have of surviving low temperatures. 
As will be seen, this hypothesis proved to be incorrect. 

The experiments to determine the influence of light on the hard- 
ening process were made in the cases in the hardening room and 
adjoining warm room. These cases were large enough to contain 
thirty-two 4-inch clay pots. Rubberized light-proof hoods were made 
to fit over the individual cases and were used to exclude light from 
those in which the short-day plants were placed, while artificial light 
from a 1,000-watt Mazda C lamp placed 2 feet above the case was 
used to supplement ordinary daylight for the long-day plants. The 
cases could be maintained at any temperature above the hardening- 
room temperature of about 5^ C. They were aerated by a continuous 
stream of air from a blower connected through a common duct to all 
cases. 

The experiments generally were planned so that three cases were 
regulated to as nearly the same temperature as possible, and the length 
of day varied between these three cases. In only two experiments did 
the average temperature vary more than 0.5^^ C. between different 
cases, and in these two expeiiments only slightly more than 0,5^. The 
17-hour day was made up of the normal light plus sufficient artificial 
light to make up 17 hours of continuous light. In practically aU the 
experiments both a day of normal length for the particular period of 
the year and a 17-hour day were used for comparison with a 7-hour 
day. The 7-hour day, unless otherwise specified, extended from 9 
a. m. to 4 p. m. 

A large number of experiments were run at the two temperatures 
20° and 11° C. This was done for the purpose of deterniining beyond 
a question of a doubt the performance of these alfalfa varieties as 
regards cold resistance under this particular set of conditions. Early 
in the work, in fact as soon as the first experiment was completed, it 
w^as found that there was a decided difference in response at the twn 
temperatures. The difference was so striking that the results prob- 
ably could have been taken as conclusive, but they were so surprising 
that additional data seemed necessary to substantiate them. This 
w^as done by running several more sets under much the same conditions . 
To avoid the possibility of exposing the plants in the short-day ease 
to the same environmental conditions and thus reflecting the same 
results in the following experiments, the short-day and normal-day 
cases were interchanged, one being used for the short day in one ex- 
peiiment and for the normal day in the following experiment. This 
could not be done, nor did it seem essential, with the 17diOiir-day 
case. The light from the lamp used for artificial illumination was 
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kept from scattering to adjacent cases by curtains which were drawn 
eacli afternoon aroimd the 17-hoiir ease. 

The plants were kept under these special light and teiiiperatiire 
conditions for two weeks. No attempt was made to study the time 
factor in connection with the influence of light on the hardening proc- 
ess. While it is recognized that this factor may he important, it 
was considered impossible adequately to carry through such a study 
at the time these experiments were made. The multiplicity of coni- 
binations involved in using several different varieties at diflerent day 
lengths, at different temperatures, and for different lengths of time 
necessarily precluded as thorough a study as might have been desired. 
Since the 2-week period proved successful in the temperature study, 
and since it gave striking differences in the light study, it was con- 
sidered that the underlying principle of light response might be more 
or less accurately determined. In all, 25 experiments were made to 
determine the influence of light on the hardening process. These in- 
volved the use of 1,370 porous clay pots, with a total of approximately 



Figure l.— Influenee of short {7-hour) day, as compared with that of the normal day, on resistance 
to cold of three alfalfa varieties hardened at various temperatures 


16,000 plants, assuming an average of 12 plants to the pot. The 
results of the nniform short-day, normal-day, and long-day experi- 
ments from which the varietal responses are calculated are' given in 
Table 1. 

In the original plan two temperatures were included, namely, 
approxiniately 10° and 20° C. The first results showed that there 
was a difference in response to length of day at the two temperatures. 
Thus, the whole question of the interrelatio'n of light and temperature 
w'as apparently involved. Although the work has not been completed 
as fully as might he desired, it is believed that the results presented 
at this time are sufficiently consistent and include a sufficiently wide 

range of temperatures to indicate the principles involved. 

For purposes of discussion the influence of length of day on the 
hardening process of the several varieties will be considered chiefly 
at three temperatures, viz, 20°, 11°, and below 10° C. Figure 1, 
based on Table 1, shows graphically the response of the three varieties 
to light at the different temperatures. The location of the dots is 
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determined for each variety by the amount by which that variety 
under the 7-hour day exceeiis or falls short of the percentage survival 
of the normal-daj’ plants at the same temperature. The normal-day 
plants hereafter will be referred to as checks. It should be remem- 
bered that the plants Avere handled similarly throughout each experi- 
ment e.xcept in the matter of variation in length of day. 

At 20° C. none of the varieties under the short day differed greatly 
in percentage of survival from the checks grown under normal day. 
In no instance was the deviation from normal-day survival greater 
than 15 per cent. As compared to the check, Turkestan averaged 
slightly higher, Grimm about the same, and Arizona common slightly 
less. At 11°, however, the results were strikingly different. At this 
temperature Turkestan hardened decidedly more under the short-day 



B M 

7 


A ^ 

b 

C 




m 

r7|- 

•m ■■ 

1 



if 



G A ■' A 1 M * 

"’‘i ‘ ift " 1 



Figvre 2.--lnfluenee of length of day on the ability of alfalfas to resist cold: A, Plants of 
Turkestan variety hardened at 12° C.; a, 2 pots of plants hardened under a day length of . 10 hours 
and 10 minutes: b, 2 pots of plants hardened under a day length of 17 hours; c, 2 pots of plants hard- 
ened under a day length of 7 hours. Photographed 14 days after freezing. B, Plants of Grrimm 
variety hardened at 11.5°; a, 4 pots of plants hardened under a day length of 7 hours; b, 4 pots of 
plants hardened under a day length of 11 hours and 54 minutes. Photographed 30 days after 
■ freezing 

than under the normal-day length. The average survival of the 
short-day plants was 7] per cent, while that of the" normal-day plants 
was only 15 per cent. Grimm responded to the short day to a less 
extent than Turkestan, but considerably more than Arizona common. 

Averaging the three tests conducted at approximately 11° C., in 
which all varieties are represented, it is found that the difference in 
percentage of survival in favor of the short-day plants over the normal- 
daj^ plants is, for Turkestan, 56; for Grimm, 22; and for Arizona 
common, 5. Photographs of the plants two to four weeks after 
freezing are shown in Figure 2. 

One experiment conducted at 25° C., when the normal length of day 
was 12 houi-s and 42 minutes, shows clearly that the 7-hour day is 
detrimental to the plants at this temperature and that they are not 
able to survive cold as well as the normal-day plants. (Table 1.) 
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This was the only experiment in which the short-day plants showed 
even a slight yellowing. 

At temperatures betw^een 10^ and 20° C. the response of the varieties 
is found to be more or less intermediate. Turkestan apparently 
begins the hardening process in response to short day at a Iiigher 
temperature and to a greater extent than the other two Varieties. At 
temperatures below 10° the influence of light apparently diminishes 
rapidly, and at 4° there is practically no difference in survival between 
the short-day and the normal-day plants of any of the varieties. 

If the normal-day plants are compared with the long-day plants 
it is found that on the average the percentage of survival is slightly 
liigber in the long-day plants both at 10° and at 20° C. Again the 
response is greater in Turkestan than in either of the other varieties. 
At lower temperatures the long-day plants have practically the same 
survival as the normal-day plants in all varieties. 

The increased survival of the long-day plants at the higher tem- 
perature may be explained in part by the greater growth "that took 
place under these conditions. It has been shown that increased size, 
witliin certain limits, enables a plant better to withstand cold. The 
increased growTh of plants under the long day is shown in Table 2, 
and also in Figure 3. Turkestan again is more responsive to the 
influence of length of day than either of the other varieties. 

The Ladak variety was used in several of the later experiments 
because it was known that this variety begins dormancy very early 
in the fall. In these tests short day length influenced the hardening 
process in Ladak slightly more than in Turkestan, indicating a close 
correlation between these results and field behavior. 

In three of the length-of-day experiments carried out at 11,5° and 
at 20° C. the height of the plants was measured just before they were 
put in the hardening chamber and again just before they were frozen. 
The actual change in the height of the plants during this 2-week 
period is shown in Table 2. At the lower temperature and short day, 
Turkestan grew 0.2 cm in two weeks and Arizona 1.4 cm. The 
growth of Grimm was intermediate. At the higher temperature and 
short day, Turkestan grew 1.9 cm and Arizona 3.2 cm. However, 
with a long day Turkestan grew almost as much as Arizona at both 
the lower and higher temperatures. These results agree with those of 
Oakley and Wes to ver (Id). 

Table 2. — Growth of plants for a 2-week period under controlled condMom of light 

and temperature 
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Tlie growth changes at 11° C. are in close agreement with the 
actual survival tests from freezing; the fact that this can not be said 
of the results at 20° indicates that slowing up of growth does not 
necessarily^' mean hardening of the plant. 

In view of the decided hardening response of plants to the 7-hoiir 
day, fiirtlier information was desired on the. influence of a still shorter 
day^, and on the length of day at which plants become weakened 
from lack of light. Accordingly^ in December, 1929, experiments 
were made in which a 3-liour and a 6-hour day were used. After the 



Figuke 3.— -Alfalfa varieties hardened under diiTerent day lengths and grown at dilTerent tempera- 
tures; photographed after 11 days under specified conditions and before freezing. A, Plants 
hardened at a, d, and c, Turkestan, Grimm, and Arizona varieties, under 17-hour day; d, r, 
and/, same varieties, under 7-hoiir day. B, Plants hardened at 12®: a, b, and c, Turkestan, 
Grimm, and Arizona varieties, under 17-hour day; d, e, and /, same varieties, under 7-hour day. 
Note greater growth at higher temperature and under longer day. Under short day Arizona 
produces more growth than either Turkestan or Grimm 

plants had been kept under these short-day conditions they were 
frozen in the artificial freezing chamber and counts made of those 
that survived. 

The results (Table 3) indicate that the 3-hoiir day" was very^ detri- 
mental to the plants. Even among the 6-hour-day^ plants tlie num- 
ber surviving was smaller than among the normal-day^ plants. Ex- 
periments conducted later in the year (March) indicated that a 5-hoiir 
da.y might not be too short for optimum survival. 
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INTERRELATION BETWEEN INFLUENCE OF LIGHT INTENSITY AND OF DAY LENGTH 

During the course of tlie experiments on the influence of lengtli of 
day on the hardening process, tests including the T-hoiir day" were 
made throughout the winter of 1930-31. It was surprising lo find 
that during certain portions of the year even the 7-hour day did not 
give the high percentage of survival that it ordinarih- did. The re- 
sults obtained in all these studies seem to point to the fact that in- 
tensity of light as well as lengtli of day has an important bearing on 
the problem. For purposes of comparison most of the experiments 
carried out during the period of low light intensity in the winter, to- 
gether with the special experiments involving shorter day lengths, are 
brought together in Table 3. 


Table 3. — Interrelations between the influence of light intensity and that of day 
length on the ability of alfalfas to resist cold 


Expeiiment 

No. 
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Since no apparatus for measuring light in the greenhouse was avail- 
able, the radiation intensities were obtained from continuous records 
kept at this station by the United States Weather Bureau, by averag- 
ing the total for the given number of hours per day for the period the 
plants were under the special conditions. For example, if the plants 
were under a 5-hour day, the total radiation for those 5 hours is 
given. As the observations were taken on sun time they had to be 
correcti^d to standard time. A further correction was necessary be- 
cause of the fact that the observations were taken in the open air, 
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wliereas the plants were grown under four thicknesses of glass. This 
coiTectioii was made by the use of a correction factor worked out by 
plaeiiig four thicknesses of the type of glass used in the greenhouse 
over tiie pyrheliometer. IMeasurements with the pyrhelioineter indi- 
cated that four thicknesses of glass cut down the total solar radiation 
to 37.9 per cent of normal when the glass was perpendicular to the 
rays of the sun, and to 33.2 per cent when the glass was at an angle 
of 45°. Having an air space between the glasses did not appreciably 
affect the reduction in solar radiation. Since the angle of the sun 
varies, an average figure of 35.55 was taken, and in Table 3 the solar 
radiation in the hardening room is calculated as 35.55 per cent that 
of the radiation outside. " Thus, wliile the figures on light intensity 
given in Tables 3 and 4 were not taken in the greenhouse where the 
plants were growing, they should be approximately correct. 

In Table 3 at least two, and usually three, lengths of day are given 
for each experiment. In all experiments the percentage survival of 
the plants under normal day length is used as the standard of com- 
parison. 

A summary of Table 3 is presented in Table 4, where the survivals 
are arranged in the order of intensity of light. 

The percentage survival of the short-da}^ plants is compared with 
the percentage survival of the normal-day plants, grown and frozen 
under the same conditions. In analyzing the results it is necessary 
to consider the different temperatures in the hardening chamber 
separately. The two main temperatiues involved are 3° to 4.5° and 
about 11° C. 

At 4° the normal-day plants are higher in survival in all experi- 
ments than the short-day plants regardless of the light intensity, but 
there is a greater difference in the spread at the lower intensities than 
at the higher. Judging by the low percentage of survival, the 3-hour 
day, having a total solar radiation in the hardening chamber of 26 to 
32.9 gram calories per scpiare centimeter, is obviously too short or 
gives insufficient light. At higher intensities and longer day, the 
survival of the short-da^^ plants approaches that of the normal-day 
plants. 

Experiment 14 of Table 3 shows that a 5-hour day may be suffi- 
ciently long if the light intensity is great enough. 

At 11° C. the average survival, without exception, is in favor of the 
short day, in accordance vdth the decided response at this tempera- 
ture, and this in spite of the fact that the light intensity is very low 
for some of the experiments. It should be noted that no 3-hour days 
were tested at this temperature, the shortest day being five hours." 

The relationship between solar-radiation intensity and daylight 
illumination has been worked out by Kimball ^9), who found a factor 
of 6,700 for the ratio 

Illumination intensity (foot-candles) 

Radiation intensity (gram calories per minute per cni^) ' 

He states that this will give the daylight intensity within about ± 5 
per cent. To use this formula on the radiation data given in Tables 
3 and 4 it is necessary to divide the gram calories per square centi- 
meter per day by the number of minutes for that particulai' length of 
day., ■ , 
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Table 4. — Summary of interrelations between the influence of light intensity and 
that of day length on the ability of alfalfas to resist cold 
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Per cent 

Per cent 

26.0 

3.0 i 

3 

5.7 

40.7 

20S.9 

74.2 

8.5 

5 

^ 63. 0 

<^49.5 

92.6 

32.9 

4.4 : 

3 

32.7 

62.3 

281. 5 

99.9 

8.5 

7 

U>3.0 

49. 5 

164. 0 

58.2 

4.5 

5 

69.7 

79.7 

138.9 

49.3 

11.8 

7 i 

22.0 

9.7 

169. 9 

60.3 

3.0 

6 

20.7 

40.7 

183- 2 

65.0 

10.6 

7 

^37.0 

<=20.0 

193.2 

68. 6 

4.4 

6 

58. 3 

62. 3 

252.8 

89.7 

11.6 

5 

65.3 

52. 3 

220.2 

78. 2 

4. 5 

7 

75. 0 

79.7 

337.2 

119. 7 

11.6 

7 

66. 0 

52.3 

140. 5 

49. 9 

7.1 

7 

0 

<=13.0 

138.9 

49.3 

i 14. S 

1 

7 

18.0 

25.0 


« Unless otherwise shown, averages are for three varieties— Turkestan, Grimm, and Arizona. 

Normal day ranged from 9?4 hours to 13'i4 hours, the total solar radiation of course being greater than 
that shown for the short day in the first 2 columns. 

1 variety, Turkestan. 

2 varieties, Turkestan and Grimm. 

2 varieties, Turkestan and Arizona. 

INFLUENCE OF WAVE LENGTH OF LIGHT 

To determine the influence of the wave length of light on the hard- 
ening process, three cages 15 inches high, 24 inches wide, and 36 inches 
long w^ere constructed of transparent cellophane. The top and sides 
were covered with the material, but the bottom was left open, thus 
allowing free circulation of air when the cages were placed on a slat 
bench. One cage was red; another white; and the third, blue. They 
were placed over the pots containing the plants in the hardening room 
at a temperature of approximately 3.5® C. Spectrophotometric 
measurements of the transmissibility of radiation by the three colors 
of cellophane used are given in Figure 4. The transmissibility of 
radiation by the clear cellophane w^as high at all wave lengths meas- 
ured, from the blue to the red. Unfortunately, measurements could 
not be made of wave lengths lower than 480 m^. The transmissibility 
of radiation by red cellophane was very low in the blue and the green, 
but increased rapidly in the yellow, the orange, and the red. The 
blue cellophane transmitted a high percentage of the blue, lower per- 
centages of the green, and very little of the yellow, orange, or red. 
In general, therefore, the plants under the red cellophane received 
light from the red end of the spectrum, the plants under the blue 
cellophane received light from the blue end of the spectriiin, and those 
under the clear cellophane received white light. The last mentioned 
was included to serve as a check. 

Two separate series were run under these cages, with three different 
varieties, Turkestan, Grimm, and Arizona common. The results of 
the two series combined are presented in Table 5. In both series the 
plants under the white cage proved to be the most resistant to artificial 
freezing. The red and blue lights produced practically the same degree 
of hardening, the red averaging slightly less. 
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Figube 4.~Transmisslbility of radiation by the three types of cellophane used in experiments to 
determine the influence of different wave lengths of light on the hardening process 


Table B.-^Tnfl'uence of light of different wave lengths on ability of alfalfas to resist 

cold 


Light 

1 Sui'vival 

Average of 
all varieties 

1 

Turkestan ' 

Grimm i 

1 

Arizona 

common 

Red - : 

Per cent 

63 

60 

77 

Per cent 

68 
65 
81 ; 

Per cent 

32 
50 
44 ^ 

Per cent 

54 

58 

67 

Blue--- - 

White - . - 


INFLUENCE OF TEMPERATURE ON THE HARDENING PROCESS 

It lias generally been conceded that temperature is one of the major 
factors in the hardening process, and hardening is iisiially associated 
with lower temperatures. However, it has been known for some time 
that plants can be hardened by other means than by lowering the 
temperatiire. Rosa hardened cabbage plants cliiefly by four 
methods: (1) Exposing them in an open frame to temperatures near 
freezing during the night and to fall sunlight during the day; (2) 
giving- .them just enough water to keep them growing slowly, (this lot. 
usually^- show^ed the inaximiim degree of hardening in. the.. cold frame) 
(3) -pruningvthe roots severely .by .running ..a knife close to 'the.'stem 
on one or both sides of the plant (this treatment checked the growth 
of the plants iiiaterially for a short time and somew^hat increased their 
resis,ta.rice to cold); ,(4) by 'watering .with. N-/1.0 sol'iitio.ns of various salts. 

, In. Rosa^’s work {M) 'the degree, -of '■'hardening was determined by .the 
ability of the plants to withstand cold. He states that the growth of 
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plants subjected to any of the hardening treatments was checked in 
proportion to the intensity of the treatment and that any treatment 
that inaterially checks the growth of plants increases their resistance 
to cold. He used cabbage chiefly in his work, and his freezing 
exposures were necessarily not severe. 

Harvey (6) has shown a correlation between hardening temperature 
and cold resistance. He states that the threshold value for the 
hardening process is approximately 5° C. for cabbages. He also 
suggests that alternating temperatures harden cabbages and that 1 
ho ur^s exposure to cold in every 24 hours has a hardening effect. 

While the importance of temperature in the hardening process is 
more or less taken for granted, very few actual data except those con- 
fined to horticultural crops can be found which show the relation of 
hardening temperatures to ability to withstand cold. Having this in 
mind, and also the ever-present problem of causing as wide differences 
between hardy and nonhardy varieties as possible, the writer made 
several experiments under controlled temperature conditions, to deter- 
mine the relation of hardening temperatures to cold resistance. 

INFLUENCE OF VARIOUS CONSTANT TEMPERATURES 

The cases in the hardening room could be held at any desired tem- 
perature above that of the hardening room mth a variability of about 
1° C. During the season 1930-31 two cases were fitted with blow^ers 
wiiich drew cold air from around artificially refrigerated coils, dis- 
charging this air directly into the case. By this means these cases 
could be maintained at a relatively constant temperature below that 
of the hardening room and as low as — 5° C. 

Altogether, 10 experiments were carried out in which temperatures 
ranging from —5° to 30® C. were used. The plants remained under 
these special hardening conditions for 14 days. The object in using 
such a wide range of temperatures was to determine at what temper- 
ature hardening begins, when it reaches a maximum, and how low" 
it may be before complete killing occurs. Other factors studied 
involved varietal response and the determination of the portion of 
the temperature scale at which hardening progresses most rapidly 
for each change of 1 degree in temperature. 

The results of these experiments, presented in Table 6, show that 
wffthin certain ranges the lower the hardening temperature the greater 
is the ability of the plants to resist cold. Experiments 1, 2, and 3, 
with temperatures ranging from 2® to 20® C., show a progressively 
higher percentage of survival at each progressively low^er temper- 
ature. In fact, in experiments 2 and 3, the plants hardened at the 
higher temperatures were not exposed so long to freezing as those 
hardened at the low"er temperatures, for if frozen at the same tem- 
perature the former wmuld be completely killed, w"hile the latter 
wmuld show" very little Idlling. 

To determine the highest temperature at wiiich the hardening 
process begins, experiments 4 and 5 were conducted. Temperatures 
of 10®, 15®, and 20® C. W"ere used. The results show" that a certain 
amount of hardening takes place at 15®. In experiment 0, in wiiich 
temperatures of 15®, 20®, and 25® are compared, it is interesting to 
note that the plants hardened at 20® show" a slightly greater resistance 
to cold than those hardened at 25®. 
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Table —Influence of temperature during hardening on the ability of alfalfas to 

resist cold 


Experiment No. and 
period 


1, Oct, 2 to Nov. 4, 1929 

2, Oct. S to Nov, 19, 1929. 

3, Oct. 24 to Dec. 4, 1929_... 

4, Oet. lOto Nov, 25, 1930-.., 

5, Oct. 27, to Dee. 11, 1930... 

6, Nov, 11 to Dec. 27, 1930. .. 

7, Dec. 12, 19,30, to Jan. 31, 

1931 - 

8, Dee. 31, 1930, to Feb, 16, 

1931 

9, Sept. 9 to Oct. 22, 1931 

10, Sept. 19, to Nov. 7, 1931.. 


Hard- 

ening 

tem- 

pera- 

ture 

Freezing 

exposure 

Eep- 

lica- 

tion 

in 

each 

vari- 

ed’ 

Survival of—- 

Prob- 

able 

error 

of 

mean 

Dura- 

tion 

Tem- 

pera- 

ture 

Tur- 

ke- 

stan 

Grimm 

Ari- 

zona 

com- 

mon 

Ne- 

bras- 

ka 

com- 

mon 

Utah 

com- 

mon 

La- 

dak 


H. rn. 


Wo. 

P, ct. 

P. ct. 

P. ct. 

P. ct. 

P. ct. 

P. ct. 

P. ct. 

7.1 

4 

35 

-12. 4 

6 

96 

75 

41 

98 

71 


4.7 

S.0 

4 

35 

-12.4 

6 

96 

48 

22 

85 

03 


4.7 

10.5 

4 

35 

-12.4 

6 

60 

20 

3 

24 

11 


4.7 

12.3 

4 

35 

-12.4 

6 

20 

6 

0 




4.7 

19. 5 

4 

35 

-12,4 

6 

4 

0 

0 





4.7 

3.6 

5 

50 

-13.0 

5 

98 

98 

96 

90 

98 


4.3 

5.3 

5 

50 

-13.0 

5 

93 

97 

61 

92 

89 


4.3 

9,1 

5 

50 

-13.0 

5 

79 

53 

26 

16 

49 


4.3 

11.3 

5 

50 

-13. 0 

5 

IS 

13 

18 

6 

20 


4.3 

19. 9 

4 

15 

-13.0 

5 

6 

13 

15 

8 

. 5 


4.3 

2.0 

7 

25 

-13.0 

5 

77 

59 

34 

37 

76 


6.S 

4.7 

7 

25 

-13.0 

5 

62 

23 

10 

29 

21 


6.8 

8. 6 

5 

30 

-13.0 

5 

IS 

7 

0 

1 

0 


6.8 

10. 9 

5 

30 

-13.0 

5 

0 

0 

0 

0 

0 


6.8 

19.7 

4 

0 

-13.0 

5 

0 

0 

0 

0 

0 


6.8 

9.9 

3 

30 

-13. 1 

8 

73 

83 

58 



86 

; 5. 2 

14.3 

3 

30 

-13.1 i 

s 

44 

56 

33 



38 

! 5. 2 

20.2 

3 

30 

—13. 1 ' 

8 

10 

11 

i 11 



15 

i 5.2 

10.3 

4 

0 

-12.0 

8 

80 

75 

^ 46 



70 

1 4.8 

14.9 

4 

0 

-12.0 ' 

8 

38 

36 

1 12 



19 

4.8 

20. 0 

4 

0 

-12.0 

8 

18 ! 

19 

! 5 



3 

4.8 

15.0 

3 

30 

-9.1 

8 

67 ! 

52 

i 25 



48 

4.7 

20.4 

3. 

30 

-9. 1 

8 

31 

12 

4 




14 

4.7 

24. 5 

3 

30 

-9. 1 

8 

18 

6 

0 



12 

4.7 

5. 6 

5 

0 

-13.6 

16 

89 


53 




13.2 

10. 2 

5 

0 

-13.6 

16 

80 


51 




13. 2 

-2. 5 

5 

0 

— 13.6 

16 

0 


0 

! 



13.2 

20.2 

2 

0 

-12.8 

8 

38 

24 

13 



11 

5.2 

24. 1 

2 

0 

-12.8 

8 

32 

20 

16 



13 

5.2 

29. 9 

2 

0 

-12.8 

8 

55 

21 

44 i 



17 

5.2 

0 

8 

45 

-13.4 

10 

43 

21 

12 1 




5.5 

6.0 

8 

45 

-13.4 

10 

68 

25 

0 




5.5 

i 0 

5 

45 

-13.7 

10 

55 

53 

22 : 




4.4 

1 6.0 

5 

45 

~13. 7 

10 

80 

S4 

61 




4.4 


« Date of seeding to date of freezing. 


The infliienee of hardening temperatures below 0° C. is shown in 
experiment 7. It was intended to keep the temperature in one of the 
experimental cases at — 5"^^ but owing to the large number of warm, 
sunny days the average temperature for the 2-week period was — 2.5°. 
The teniperature rarely, if ever, rose above 0°. In this experiment 
only half of the pots ’were exposed to the freezing temperature shown 
in Table 6. The other half wei^e taken directly from the hardening 
room to the warm greenhouse without exposure in the freezing room. 
'None of these plants recovered. Thus it is clear that plants taken 
from a warm greenhouse and exposed directly to a temperature as 
low as —5° will not survive. ■ ' 

In experiment 8 the hardening temperatures were higher than in 
any of the other experiments; that is, 20°, 24°, and 30° C. The per- 
centage survival at 20° is higher than at 24°, and the percentage sur- 
vival at 30° is also higher than at 24°. Figure 5 shows the re- 
covery of alfalfas exposed to freezing after being hardened at various 
temperatures. . 

The influence of a constant temperature very near 0° C. on the 
hardening process is shown in experiments 9 and 10. When the 
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ayerage of both experiments is considered, for all three of the varie ties 
tested, it is evident that plants hardened at 0° are not so resistant to 
cold as those hardened at 6°. 



Figure 5.— Influence of temperature on the ability of alfalfas to resist cold: A, Grimm variety; a, 3 
pots in hardening chamber at 4® C. two weeks before freezing; b, 3 pots not in hardening chamber 
before freezing. B, Turkestan variety, hardened for 14 days at various temperatures; a, 4 pots at 4®; 
b, 4 pots at 10°; c, 4 pots at 14®; d, 4 pots at 20°. All plants frozen for same length of time in artificial 
freezing chamber 

Since the experiments \yere not conducted at the same time and 
since the freezing temperatures were necessarily different in different 
experiments, it is difficult to form a composite picture of the results 



Figure 6.— -Influence of hardening at different temperatures on the ability of three alfalfa varieties 

■ ■■■ to resist cold 

of the entire temperature range. Nevertheless, in Figure 6, an attempt 
has been made to combine the results of all experiments. The average 
percentage siirvival at each of the temperatures shown on the base 
line has been calculated from Table 6, The temperatures indicated 

'icasae— 3S— 2 " ■ 
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on the base line are taken as mid-points,, and the average of all experi- 
iiieiits with liardeniiig temperatures nearest are included at these 
points. For example all experiments having a hardening tempera- 
ture between 12.5° and 17,5° are included in the average at 15° C. 
The figure has been divided into two parts, above 10° and below 10°, 
because those plants hardened at temperatures below 10° were as a 
rule frozen more severely than those hardened above 10°. 

Figure 6 shows that plants hardened at 20° C. have a slightly higher 
percentage survival than those hardened at 25°. This diflFerence, 
however, is not so marked as that between 15° and 20° or between 10° 
and 15°. The t\vo hardy alfalfas, Turkestan and Grimm, show greater 
hardening at these temperatures than does the nonhardy Arizona 
common. The resistance of these varieties to cold increases when 
they are hardened at lower temperatures, maximum resistance being 
reached between 2.5° and 5°. When the plants are hardened at a 
constant temperature of 0° they show less hardiness than when 
hardened at 5°. No plants of any variety exposed to a temperature 
of — 5° for a period of two weeks survived. If temperatures between 
— 5° and 0° had been used it might have been found that all varieties 
were not killed at the same temperature. 

Figure 6 shows that within certain limits there is a gradual increase 
ill hardening as temperatmes are low^ered. These limits spread over 
a relative^ wide range, from approximately 20° to near 0° C. There 
is no definite point at which hardening does or does not occur, the 
hardening process apparently being a gradual development. The 
amount of hardening for 1° change in temperature between 15° and 
20° is not nearly so great as between 5° and 10°. The maximum rate 
of hardening for 1 degree change in temperature occurs at about 5°. 
Hardening of tender alfalfa plants at continuous temperatures much 
below 0° can not occur, for the plants are killed outright. Tm’kestan 
is more responsive to a change in temperature than Grimm, and Grimm 
than Arizona common. (Fig. 6.) This is dhectly correlated wdth 
the hardiness of the three varieties. 

INFLUENCE OF ALTERNATING TEMPERATURES 

In all the experiments thus far reported temperature and light were 
kept as uniform as possible. In the experiments now to be reported 
the hardening temperature was held constant for one set of plants, 
wMle duplicate sets were moved from one temperature chamber to 
another at intervals of 3 days. All plants remained in the hardening 
room for 12 days, and the set that was rotated went through four 
temperature changes. Thus, one set remained at 20° C. throiighout 
the 12 days. A duplicate set was started at 15.4°, where it remained 
for 3 days; transferred to 11.4°, where it remainedifor 3 days; then to 
5° for 3 days; and finally to 20° for 3 days, from which it was taken 
directly to^ the freezing chamber. In this experiment only one 
variety,. Grimm, was used. . , 

The results of two experiments have been combined and are pre- 
sented in Table 7. 

Table 7 shows that at 20° and 19.5° C. the percentage survival of 
plants from the alternating temperature was greater than that of 
plants from the continuous Idgh temperature. Since the alternating- 
temperature plants had been exposed to a much lower temperature 
during the preceding three days, the increased survival may be attrib- 
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uted to a carry-over effect from the lower temperature. That this 
effect at the end of three days was not very great may be seen from 
the small differences recorded. 


Table 7 .—Influence of alternating temper alures on the ability of Grirnon alfalfa 

to resist cold 


Hardening temperatures 

Percent- 
age sur- 
vival ^ 

Hardening temperatures C°C.) “ 

Percent- 
age sur- 
vival * 

15.4 to 11.4 to 5 to 20 

2 

5 to 20 to 15.4 to 11.4 

29 

20 continuous 

0 

11.4 continouus 

34 

14.3 to lO.S to 3.5 to 19.5 

14 

3.5 to 19.5 to 14.3 to 10 8 

14 

19.5 continuous 

10 

10.8 continuous . _ . _ . 

s 62 

11.4 to 5 to 20 to 15.4. „ _ 

[ 11 

20 to 15.4 to 11.4 to 5. . 

0 

15,4 continuous 

0 

5 continuous.-. .. 

19 

10.8 to 3 5 to 19 5 to 14.3 

6 

19.5 to 14 3 to in 8 tn 3 .5 

0 

14.3 continuous _ 

24 

3.5 continuous 

; 14 






» 3 days at each temperature. 
b After freezing 7 hours at -15° C. 


At 15.4° C, the behavior of the plants was much the same as at 
20°, but at 14.3° a greater degree of hardening occurred than in those 
plants that passed through three days at liigher temperatures. 
Moreover, from 11.4° to 3.5° the plants under the contimious temper- 
ature survived better than those that had been subjected to the ingh 
as well as the low temperatures, showing that a 3-day period at 
constant temperature did not harden the plants to the same degree 
as 12 days under the same conditions. Bearing in mind the influence 
of hardening temperatures on survival, it is interesting to note that 
increased survival of the plants under continuous treatment began at 
approximately 14°. 

In order to study alternating temperatures on the basis of a 24- 
hour day, further experiments were conducted with the Turkestan 
and Arizona common varieties. In experiment 3, the results of 
which are given in Table 8, 16 pots of each variety were placed in a 
case held at an average temperature of 0.6° C. Each day eight pots 
of each variety were removed to a warm greenhouse (approximately 
20°) and kept there for 8 hours (8 a. m, to 4 p.m.). The remainder 
of the pots wei^e kept in the case. On the morning of the fifteenth 
day all the pots were transferred directly from the case to a freezing 
temperature of —13.2°, at which they were held for 5K hours. The 
resulting survivals show that the plants subjected to alternating 
temperatures were able to resist the cold much more effectively than 
those held continuously at a low temperature. 

A preliminary hypothesis, based on the results of experiment 3, 
assumed that the increase in hardiness of the alternating-temperature 
plants was due to the fact that at a Mgh temperature the physico- 
chemical processes stimulated by the low temperature could be car- 
ried on much more rapidly than in plants remaining at a temperature 
near 0° C. If tins hypothesis is correct, alternating temperatures 
above a certain temperature should not give increased hardiness. 
This temperature would be the point at which the physicochemical 
processes could be carried on at as rapid a rate as the stimulus war- 
ranted, and no further increase in the rate of this reaction could be 
obtained by means of liigher temperatures. 
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To test tliis liypotliesis experiment 4 was coiidiicted. ■ Five different 
temperatures ranging from —5'^ to 11.3° C. were used. As in experi- 
ment 3, lialf' of tlie plants were allowed to remain eight hours during 
daylight in the warm greenhouse. The results (Table 8) support the 
hypothesis. 


Tablh 8. — Influence of alternaiing temperatures on the ability of alfalfas to resist cold 




Freezing expo- 
sure 


Survival after indicated condi- 
tions during hardening 



Hard- 

ening 

tem- 

pera- 

ture 



Rep- 
lica- 
tions 
of each 
vari- 
ety 

Turkestan 

Arizona com- 
mon 

Prob- 

able 

Experiinent No. and iieriod « 

j 

Dura- 

tion 

Tem- 

pera- 

ture 

Con- 

stant 

tem- 

pera- 

ture 

In 

warm 

green- 

house 

8 hours 
each 
day 

Con- 

stant 

tem- 

pera- 

ture 

In 

warm 

green- 

house 

8 hours 
each 
day 

error 

of 

mean 


° a 

11. m. 

® C. 

Num- 

ber 

P. ct. 

F.ct. 

P. ct. 

P. ct. 

P. ct. 

3, Dee. 31, 1930, to Feb. 17, 1931 . . ; 

0.6 

5 30 1 

-13.2 

8 

44 

87 

8 

87 

6.9 

4, Jan. 17 to Mar. 3, 1931 

1.6 

5 0 : 

-13.6 

8 

40 

74 

14 

77 

6. 9 

4.2 

5 0 

-13. 6 i 

8 

69 

88 

79 

75 

6.9 


7. 7 

4 30 

-13. 2 1 

8 

92 

92 

76 

55 

6.9 


11.3 

4 30 

-13.2 

8 

88 

76 

47 ! 

51 

6.9 

5, Feb. 4 to Mar. 20, 1931 

7.8 

6 0 

-13.0 

8 

84 

98 

72 

65 

5.6 


11.8 

6 0 

-13.0 

8 

77 : 

39 

36 

49 

5.6 


« Date of seeding to date of freezing. 


The “5° C. set is omitted from the table because at that tempera- 
ture all the plants, even the alternating-temperature ones, were 
killed outright. 

At a temperature of 1.6° C. the alternating-temperature plants 
were considerably higher in survival in both varieties. At 4.2° the 
Turkestan variety had a higher percentage survival at the alternating 
temperature, whereas Arizona common had a slightly lower survival. 
It is clear from these and later results that the hardy variety Turke- 
stan must be treated separately from the unhardy variety Arizona 
common when speaking of their hardening response, since the former 
has a much greater capacity for hardening than the latter. 

At 7.7° C. the percentage survival of Turkestan for both the con- 
tinuous and alternating temperatures was the same, and at 11.3° there 
was a distinct reversal in favor of the continuous temperature, indi- 
cating that subjecting the plants to a still higher temperature for 
eight hours each day serves actually to lessen the amount of harden- 
ing. From these results it appears that the point at which the 
hardening activity is .not greatly increased by higher temperatures 
is approximately 8° for the hardy variety and somewhat lower for 
the imhardy variety. 

The retative increase in percentage simvival of Arizona common at 
11.3° C. may perhaps be explained by the added growth, as dis- 
tinguished from hardening, which is possible at the higher tempera ture. 
This is not true of Turkestan, for it shows much more hardening at 
this temperatiire. (Fig. 6.) 

The question arises as to the part played by light in the alternating- 
temperature effect. Since it has been demonstrated that light is an 
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important factor in the hardening process, might it not be true that 
through its influence on photosynthesis it has the ability to counter- 
balance the entire process of hardening? 

To study this question and also to determine the length of time 
required at the low temperature for optimum stimulating effect on 
the hardening process, an experiment was conducted in which one 
hardening temperature, 3.8° C., and different alternating periods were 
used. In this experiment, reported in Table 9, one set of eight pots of 
each of the two varieties was kept in the hardening room (held at 
3.8°) for a certain number of hours each day and then removed to the 
warm greenhouse (approximately 20°). In all, five sets of plants of 
each variety received this treatment. A sixth set remained in the 
hardening room continuously. Two additional sets were placed in 
two cases used in experiment 5, Table 8, and held at temperatures of 
8° and 12°. Half of the pots in each of these cases were removed to 
the warm greenhouse and kept there for eight hours each day (8 a.m. 
to 4 p. m.). These last two sets were used for the purpose of checking 
the results in experiment 5, Table 8. The results checked admirably 
with those shown in experiment 5, Table 8. 


Table 9. — Influence of various periods of alternating temperatures and their relation 
to light in the hardening process of alfalfas 


Length 
of time 
In hard- 

Period of day in hard- 
ening room 

Survival after 
freezing 

Length 
of time 
in hard- 

Period of day in hard- 
ening room 

1 

Survival after 
freezing 

ening 
room 
each 
day « 

:■ 

1 Turke- 1 
1 Stan 

Arizona 

common 

ening 
room 
each 
day « 

j 

Turke- : 
Stan 

Arizona 

com- 

mon 

limn 

2 

8 a. m. to 10 a. m.._ 

Per cent 
77 

Per cent 

m 

Hours 

16 

4 p. m. to 8 a. in 

Per cent 
95 : 

Per cent 
38 

4 

8 a. m. to 12 m 

1 90 

43 

24 

Continuously 

SO i 

65 

8 I 

8 a. m. to 4 p. 

1 75 

55 

8 

8 a, in. to 4 p. ra.* 

41 ; 

15 


“ The hardening room was held at 3.8° C . 

After 2 ’weeks of treatment, all the plants were frozen 5H hours at —13.9° C. 
c This set was taken directly from the hardening room to a dark, w»arm case; the other sets were exposed 
to normal day length. 

At the end of 14 days imder the conditions described above the 
plants were frozen in the artificial freezing room. Those that had 
been in the warm greenhouse during the day had a healthy dark- 
green color, whereas those that had been in the hardening room during 
the day and in the dark chamber the rest of the time were light green. 
The plants continuously in the hardening room were not so dark a 
green as those that had been eight hours in the warm greenhouse 
during the day. The other sets were of a uniformly dark-green color. 

With reference to the results from the Turkestan variety (Table 9), 
it is evident that the 2-hour exposure in the hardening room was not 
sufficient to give optimum hardening. Especially interesting is the 
fact that the plants kept in the hardening room 8 hours during the 
day did not have so high a survival as those kept 4 or even 2 hours. 
These results might be explained on the basis of the short period of 
light remaining to the plants in the warm greenhouse. Further 
evidence in support of this explanation is the fact that the plants kept 
for 8 hours doling the day in the hardening room and for the rest of 
the time in a warm dark room had ^ a much lower smvival; in 
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fact., the lowest siirTiYal of any of the groups. Representative pots 
from these sets are shown in Figure 7. 

^liizona common did not respond to the hardening conditions as did 
Turkestan (fig. 6), and the results were not so clear-cut. For instance, 
the siirvival in Arizona common after four hours' exposure in the 
hardening chamber was not so high as after two hom’s. This is 
contraiy to the results with Tiukestan. However, Arizona common 
and Turkestan showed a similar response with respect to the influence 
of the dark chamber, the plants that were taken direct^ to the dark 
room from eight hours in the hardening room being the lowest in 
percentage survival. 

Harvey (6) reports that alternate equal exposures during hardening 
of 12 hours at 0*^ C. and 12 horns at 10^ or at 20° produce greater 
hardiness than continuous exposures at the average of these tempera- 
tures, i. e,, 5° and 10°, respectively. The results obtained in alfalfa 
experiments indicate a greater response to alternate temperatures 
than was obtained in experiments with cabbage. 



Fmt’EE 7.— Influence of alternating temperatares and of light on the ability of Tui-kestan alfalfa to 
resist cold: A, Two pots, 16 hours in the hardening room, 8 hours (8 a. m. to 4 p. m.) in -warm 
greenhouse; B, 2 pots, continuously in hardening room; C, 2 pots, 8 hours (8 a. m. to 4 p. m.) in 
hardening room, rest of time in warm greenhouse; 1), 2 pots, S hours (8 a. m. to 4 p. m.) in hard- 
ening room, rest of time in dark case in warm greenhouse. The average temperature of the 
hardening room during the 2-week j^riod was 3.8° C. mi pots were frozen for SJ-a hours at —13.9°. 
Photographed two weeks after freezing 

Table 10 gives the results of an experiment designed to show in 
greater detail the importance of the interrelations between light and 
temperatiu'e. All three sets of pots, each set containing eight pots of 
each variety, during a period of two weeks previous to freezing were 
exposed to seven hours of daylight, from 9 a. m. to 4 p. m., and for the 
rest of each day were kept in light-proof cases. The difference in 
treatment lies in the fact that each set was exposed to different condi- 
tions of temperatme when exposed to light. One set when exposed 
to light was in the hardening room at 2° C., and the rest of the time 
in a dark warm case. This set showed the lack of photosynthetic 
activity by its yellowish-green color at the time of freezing and was 
decidedly the lowest in survival. A second set was kept continuously 
at 2o°, but with only seven hom’s of light it was unable to resist the 
cold effectively, although it had a percentage of survival somewhat 
above that of the first sot. This set was a lighter green than the thmd 
set, but not the yellowish green of the fii’st. In contrast to these t'wo 
sets, the third set, exposed to light at a temperature of 25° for seven 
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hours and placed in the hardening room at 2° for the rest of the time^ 
had a very high percentage survival. 

Thus alternating temperatures, with light during the warm periods, 
seem to furnish the optimum conditions for hardening. 


Table IQ. -—Influence of light and its relation to alternating temperatures in the 
hardening process of alfalfa 


PlantvS for 2 weekvS previous to freezing kept in"- 

Survival after freezing « 

Turkestan 

Arizona 

common 

Light from 9 a. in. to 4 p. in. at 2° C.; dark case at 25° rest of time _! 

Per cent 

i\ 

91 

Percent 

. '2 

6 

77 

Light from 9 a. m. to 4 p. in. at 25° 0.; dark case at 25° rest of time 

Light from 9 a. m. to 4 p. m. at 25° C.; dark case at 2° rest of time - 



« All plants were frozen 7 hours at --13.0° C. 


INFLUENCE OF MOISTURE CONTENT OF THE SOIL ON THE 
HARDENING PROCESS 

Rosa (22) reported that drought increased the resistance of cabbage 
to cold practically as much as low temperatures. Maximov (16) and 
Newton and Martin (H) suggested a close paralellism between 
drought and cold resistance. 

An attempt was therefore made to determine what part drought 
plays in the hardening process. Plants grown in Water-tight metal 
containers in the warm greenhouse at optimum soil moisture were 
hardened at different soil moistures. These metal containers were 4 
inches square by 6 inches deep. Two hundred and fifty were 
filled with 1,000 g each of dry soil having a moisture equivalent of 
23.8 per cent. The five varieties, Turkestan, Grimm, Nebraska com- 
mon, Utah common, and Arizona common, ’were allowed to grow one 
month in the warm greenhouse under approximately optimum soil- 
moisture conditions. Just before the cans were taken to the harden- 
ing room they were allowed to dry until they contained about 14 per 
cent moisture. This process of drying out required three da3^s. It 
was noticed that manj^ plants showed incipient wilting at this mois- 
ture content. 

When the soil was sufficiently dry, one-third of the metal containers 
were made up, by weighing, to a moisture content equal to three-fifths 
moisture equivalent, or 14.3 per cent; another one- third to 1 moisture 
equivalent, or 23.8 per cent; and the I'est to l?i moisture equivalent, 
or 33-3 per cent. All ’were then put in the hardening room, wiiere they 
remamed at an average temperature of 4,9° C. for 14 da^^s. The 
moisture content of the soil w^as checked occasionally by weighing, and 
was kept relatively uniform, although it was impossible to keep it at 
the exact figure mentioned in the text. 

At the end of the 2-week period the moisture in half of the metal 
containers at 14.3 per cent was made up to 33.3 per cent by adding the 
correct amormt of 'water. Similarly, the moisture in half of those at 
23.8 per cent was made up to 33.3 per cent. As soon as this operation 
was completed (in about 30 minutes) the cans were placed in the 
freezing chamber. By the time they were put in the freezer the ’water 
had percolated into the soil. All sets were frozen for the same length 
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of time, seven hours at —11.9'^ C. At the end of the 2-week period it 
was found that there was a great difference in the percentage survival 
of the different groups. 

Since it is believed that there are no outstanding differences be- 
tween the responses of the different varieties to this treatment, and 
since, by using the average of the varieties, a great many more indi- 
viduals can be included, the discussion of results will be based on the 
average of all varieties given in the last column of Table 11. 


T.\ble 11. — InfliiEiize of miisiure content of the soil on the hardening process in 

alfalfas 


Experiment No. and 
period 

Moisture 
in soil 

Freezing exposure 

Keplications in 
each variety 

Survival 

^ a 

D u ring 
freezing 

Duration 

£3 

^ p 

Alinimum 
soil tem- 
perature 

Turkestan 

'S 

Nebraska 

common 

Utah com- 
mon 

Arizona 

common 

Ladak 

Average j 

1, Nov. 23, 1929, to Jan. 29, 

P, d. 

P. d. 

ILm. 



No. 

P.d, 

P. d. 

P. d. 

P.d. 

P. d. 

P.d. 

P. CL 

1930 

14.3 

14.3 

7 0 

-11.9 

-11.2 

■ J 

75 

52 

20 

57 

,37 




14.3 

33.3 

7 0 

-11.9 

-3.8 

6 

87 

72 

65 

97 

SO 


80 


23.8 

23.8 

7 0 

-11.9 

—5. 4 

7 

71 

86 

72 

76 

79 


77 


23.8 

33.3 

7 0 

-11.9 

-3.8 

6 

95 

82 

89 

85 

82 


87 


33. 3 

33.3 

7 0 

-11.9 

-3.8 

16 

76 

66 

70 

85 

73 


74 

2, Dee. 10, 1929, to Feb .20, 














1930 

15.0 

15. 0 

4 30 

-14.2 

-9.4 

9 



53 

47 



50 


15.0 

30.0 

4 30 

-14.2 

-6.1 


84 

94 



19 


66 


15. 0 

30.0 

5 25 

-14.4 

-9. 7 

9 



35 

37 



36 

1 

30. 0 

30.0 

4 30 

-14.2 

-6. 1 

8 

95 

74 

78 

65 

19 


/ «63 

1 d 70 


30.0 ! 

30.0 

5 25 

-14.4 

-9,7 

9 



25 

41 



33 

3, Feb. 17 to Apr, 8, 1930.. 

14.3 

14.3 

8 53 

1-15.6 

-10.7 

22 


19 






14.3 

35.0 

8 53 

-15.6 

-3. 8 

22 


65 







14. 3 

35.0 

12 18 

-16.5 


22 


39 









23.8 

23. 8 

8 53 

-15.6 

-6.4 

22 


62 







23,8 

35.0 

8 53 

-15.6 

-3.7 

22 


72 









i 23.8 

35.0 

12 18 

-16.0 

-9.9 

22 


26 


i i 





35. 0 

35.0 

8 53 

-15.6 

-3.9 

20 


86 







35.0 

I 35.0 

12 18 

-16.5 

1-15.5 

20 


5 






4, Oct. 27 to Dec. 12, 1930- . 

Dry. 

G3. 0 

3 0 

-13.0 

-8.2 

5 

8 

15 



36 

67 

32 


do- 

*45. 0 

3 0 

-13.0 

-4.0 

5 

92 

86 



88 

89 

89 


(0 

*25. 0 

3 0 

-13.0 

-2.5 

5 

38 

69 



65 

47 

55 



*45.0 

3 0 

-13.0 

1 -2.5 

5 

94 

97 



84 

71 

87 


a Date of seeding to date of freezing. 

fc In e.’cijeriments 1, 2, and 3 the plants were hardened at a temperature of 1° to -5° C. during the 14-dav 
period of sj>eeial soil-moisture treatments. Experiments was conducted at a room temperature of approxi- 
iiiEtcly -^0 » 

® Average of the varieties Turkestan, Grimm, and Arizona common. 

Average of the varieties Nebraska common and U tab common. 

« Approximate i>ercentage. 

'/ Medium wet. 

It may be seen from Table 11 that the plants in experiment 1, which 
were frozen at the low moisture content (14.3 per cent), had a much 
lower average, percentage survival than any of the others. It may 
also be seen that the minimum soil temperature was much lower. No 
outstanding differences in percentage of survival are shown between 
the three sets frozen at 33.3 per cent moisture content, although they 
were hardened at greatly different moisture contents. In the set 
hardened at the high moisture content (33.3 per cent) the percentao-e 

of survival was slightly lower than in the others. “ 

In order to determine whether the low percentage survival of the 
low-moisture group was due to the difference in soil temperature, ex- 
periment 2 was carried out in much the same way as experiment 1, 
except that at the time of freezing two sets instead of one were made 
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up to the liigh moisture content. ^ Only two soil moistures (15 and 30 
per cent) were used in this experiment. 

When the freezing tests were made, one set of containers with low 
moisture and one set with high moisture were taken out at the same 
time; the other set with high moisture wms allow^ed to remain in the 
freezer until the soil temperature approximated that of the low- 
moisture set. 

Since different varieties w^ere used in this test, a strict comparison 
can not be made betw^een all groups, but a sufficient number may be 
made to show that those frozen at high moisture for the same period 
as those at low moisture were much higher in average percentage 
survival. On the other hand, among those frozen at the same mois- 
ture content there is a very slight difference in favor of those that w’ere 
hardened at the low^ moisture content. Howwer, no great significance 
can be attached to this difference. 

Those that w^ere frozen at a high moisture content for a longer 
period, until the soil temperature approached that of the low-moisture 
group, did not have quite so high an average percentage survival as 
those of the low-moisture group. The average percentage of survival 
among those that w^ere frozen at the high moisture content was 36 
and 33 per cent as compared wdth 50 per cent for those both hardened 
and frozen at a low moisture content. The soil temperature actually 
averaged slightly lower in the former group than in the latter. 

In experiment 3 a somewhat larger number of cans w^as used, al- 
though only one variety, Grimm, was employed. As in experiment 

2, two sets with high moisture w^ere made up from the low- -moisture 
group. 

In experiment 3, there was a survival of 19, 62, and 86 per cent 
among the plants frozen for the same length of time with 14.3, 23.8, 
and 35 per cent moisture, respectively, and a survival of 65, 72, and 
86 per cent for those from the low, medium, and high moisture groups, 
made up to high moisture content just before freezing and frozen for 
the same length of time as the previous group. 

In the third group there w^as a survival of 39, 26, and 5 per cent with 
low, medium, and high moisture, respectively, wdien made up to high 
moisture and frozen for a long period of time. In this group there 
w-as a slight difference in favor of those hardened at the low" soil- 
moisture content. The average of this group (23 per cent), repre- 
senting the exposure calculated to give the same soil temperature as 
that with low^ moisture, corresponds closely to the 19 per cent survival 
for the low-moisture group. Representative plants from experiment 

3, two weeks after freezing, are showm in Figure 8. 

During the fall of 1930 a fourth experiment was undertaken. The 
plants were grown in pots and kept in a warm room at approximately 
20^ C. during the hardening period. A check wuis not kept on the 
percentage of moisture in the soil, but the pots of each variety wmre 
divided into two groups, one of which was watered normally and the 
other maintained as closely as possible at the incipient wulting point 
of the plants. This point could easily be determined by the slight 
wilting of the leaves which occurred in all plants of this group. At the 
end of two weeks of this treatment the plants were frozen, necessarily 
very gently, in the artificial freezing chamber. Immediately before 
freezing, half of the pots of each group were saturated with \vater, 
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but before the plants were completely frozen tlie excess water had 
had a cliaiice to drain off. 

The results in Table 11 show that decidedly greater killing occurred 
among the plants with low moisture content. The plants in the 
inediiini-wet soil siiiwived considerably better, but not so well as those 
in the wet soil. There was very little difference between those 
hardened by diying and those watered normally, when frozen with 
the same moisture content; this difference was in favor of the low- 
inoistiire plants. - 

A very interesting point in connection witli this experiment is 
that after the freezing there were some plants that had not been in- 
jured, the leaves remaining turgid. A careful tabulation of these 
showed 1 pot of Turkestan, 3 of Grimm, 3 of Arizona common, and 6 
of Ladak. All of these were from the group that had been hardened 
by maintaining a low moisture content. However, even though the 
tops of some of the plants appeai’ed uninjured, the average percentage 
survival for all the plants in this group was much lower than that of the 



Fk»ure S.—Iniiuenee of hardening at different soil-moisture content on the ability of Grimm alfalfa 
to resist cold. Cans 5, 6, and 7, hardened at 14.3 per cent moisture content and frozen at the same 
moisture content for 8 hours and 25 minutes; cans 14, 15, and 16, hardened at 14.3 per cent mois- 
ture content and frozen at 35 per cent moisture content for 8 hours and 25 minutes. Cans 149, 150, 
and 151, hardened at 35 xicr cent moisture content and frozen at 35 per cent moisture content for 13 
hours and 15 minutes. At this e.\posure the minimum soil temperature was the same as in cans 
5, 6, and 7 

other groups. In tliis experiment the freezing exposure was much less 
severe than in previous experiments, because there was no hardening 
at low temperatures, consequently this was the only experiment in 
which freezing was so slight that tops of plants remained uninjured. 
It is also true that the soil in the low-moisture group was somewhat 
drier in this experiment than in previous ones. 

If the data from all four experiments are summarized certain results 
are outstanding. Most pronounced among them is the fact that 
plants growing in soil of low moisture content do not have nearly so 
good a chance of surviving a short period of cold as do those growing 
in soil hawg a higher moisture content. This seems to be due 
directly to the lower temperature in the low-moisture soil. Any 
hardening that may occur because of low soil moisture is entirely 
overshadowed by the difference in soil temperature. 

In all four experiments, when the low moisture content was brought 
up to the high moisture content a slight difference in favor of the low 
moisture content was indicated in the percentage survival. Tins may 
indicate a slight degree of hardening at the low moisture content. 
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Tlie evidence indicates that a low moisture content of the soil, even 
to the incipient wilting stage, does not serve to harden alfalfa to any 
oreat degree, not nearly enough to overcome the handicap of low- 
moisture content of the soil during freezing. These results are in 
agreement with those obtained by Klages (10). 

The results no doubt serve to explain certain field observations 
which indicate that winter injury may be more severe during dry 
seasons. When it is remembered that actually, under normal con- 
ditions, the coldest weather is usually of short duration, it is quite 
possible that field results approach those obtained in the artificial 
freezing room. 

INFLUENCE OP SEVERE WILTING 


An experiment was made to determine the influence of severe wilt- 
ing on the hardening process. In this experiment four flats of each 



Figure 9.~Influence of severe 'wilting on ttie ability of alfalfa to resist cold. Kansas common alfalfa 
was sown in these flats January 30, 1931. Fourteen days before freezing, the flat on the left was 
allowed to dry, and the plants remained in a severely wilted condition until freezing. The flat 
on the right was watered normally. Both flats were frozen 48 hours at an average temi>eratiire of 
—6.5° C. Photographed three weeks after freezing 

of three alfalfa varieties — Ladak, Kansas common, and Italian com- 
mon— were planted January 30, 1931, and allowed to remain in the 
\varni gi*eenhoiise. Fourteen days before freezing, half of the flats 
were allowed to dry, iilthough some water w^as added, the plants 
in these fiats were kept in a severely wilted condition until they w^ere 
frozen. The other flats were watered normally. The plants were 
frozen May 18, 1931, for 48 hours at —6.5^ C. at the same moisture 
content that they had carried during the two weeks prior to freezing. 
This long freeze allowed the soil with normal moisture content to 
reach the air temperature and thus to reach the temperature of the 
soil with low^-moistiire content. 

At the end of the 48-hoiir freezing period the estimated percentage 
survival of the wilted plants was as follows: Ladak, 85; Kansas com- 
mon, 90; Italian common, 30. Of the plants that had been normally 
watered, all were completely killed. Figure 9 shows the difference 
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three weeks after freezing between two flats of Kansas common treated 
in tlie two different ways. The results of this experiment are in 
accord with ^tliose of Rosa (22) in his work with cabbage and of 
Martin ( 11 .) in his work with wheat. 

RELATIVE IMPORTANCE OF THE INFLUENCE OF LIGHT, 

TEMPERATURE, AND SOIL MOISTURE ON THE HARDENING 

PROCESS 

An analysis of the results in Table 1 shows that at a temperature 
of approximately 1 1° C. a change in length of da^^ from about 10^ hours 
to 7 hours increased the average percentage survival of Turkestan 
56 per cent, that of Grimm 22 per cent, and that of Arizona common 
5 per cent. In other words, for each change of one hour in length of 
day at this temperature and within these limits, the percentage of 
survival increased by 16, 6.3, and 1.4 for Turkestan, Grimm, and 
Arizona common, respectively. 

Table 6 shows that for a change of 1° C. at any temperature between 
12® and 3® the average change in percentage survival is 12 for Turke- 
stan, 10 for Grimm, and 6 for Arizona common. 

With respect to moisture content of the soil, no such wide differ- 
ences are apparent when the actual hardening of the plants is con- 
sidered, except when the plants are severely wilted. Plants hardened 
for a period of two weeks near the incipient wilting point, as compared 
to check plants grown with normal moisture, showed so little increase 
ill survival that no difference due to change in moisture content of the 
soil could be computed. On the other hand, there was a great differ- 
ence in survival of plants frozen for relatively short periods at low or 
high soil-moisture content, as may be seen from Table 11. Arizona 
common, however, responded to as great a degree as Turkestan, and 
it is evident that the higher survival due to increased soil moisture 
during freezing is simply an effect of soil temperature. 

The varieties used in the wilting experiment reported in Table 11 
do not permit comparison wdth the light and temperature results; 
but it is clear that a slight variation in moisture content of the soil at 
or below the incipient wil ting point of the plants exerts a marked 
influence on the resulting sur\dval. This strong response is appar- 
ently not exerted at any soil-moisture content at which the leaves 
remain turgid. 

In comparing the relative influence of light and temperature on 
the hardening process, it must be remembered that temperatures 
vary much more than length of day . However, considering the ranges 
of day length and of temperature that apparently affect the hardening 
process to the greatest extent, it is evident that both factors exert a 
very strong influence and that a change of one hour in length of day 
is very nearly equal to a change of 1® in temperature. Light coming 
as it does during the warmer portions of the day, appears to be of 
vital importance in maintaining the correct balance within the plant 
for optimum resistance. Moreover, it may be noted that varietal 
response to both light and temperature is very marked. A variety 
that responds most to change in length of day res|:onds most to change 
in temperature, and, furthermore, this response is directly correlated 
with hardiness under field conditions in Nebraska, for the Turkestan 
variety, F. C. I. No. 15754, used in these tests is one of the most cold 
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resistant obtainable in that section {19). These data indicate the 
importance of hardening in bringing out greatest varietal differences 
in cold resistance. . 

DISCUSSION 

The reason for the increased hardiness in the short-day plants is not 
clearly understood, but in this connection the work of Nightingale 
and others is suggestive. Nightingale {15) found that when plants 
were transferred from long-day to short-day conditions there was an 
enormous increase in soluble nitrogen in the short-day plants. Harvey 
(d) found an increase in the amino acid content of cabbage plants on 
hardening, and Janssen {8) showed some correlation between soluble 
nitrogen and winter hardiness. It should„be remembered that in the 
present experiments the plants were under the short-day conditions 
only 14 days — insufficient time, perhaps, to reduce the carbohydrates 
greatly at the low temperatures prevailing. It is also possible that 
the lack of response to the short day at the high temperatures was 
due to the rapid utilization of sugars and starches, which would reduce 



FKjURE 10. — Relation between length of day, average total solar radiation per day, and mean 
monthly temperature at Lincoln, Nebr., for a period of 12 years 


the resistance of the plants to cold. A great decrease in these sub- 
stances was found by Nightingale in the tomato when plants were 
transferred from a long day (14 horns) to a short day (7 hours). The 
low percentage survival of the short-day plants at 25^ C. may indicate 
that photosynthesis was not able to balance the rapid respiration. 

The results of these investigations emphasize the remarkable corre- 
lation between natural conditions and plant responses. In Figure 10 
a striking similarity is observed between the curves for length of day 
and mean temperature. This figure also shows that temperature lags 
approximately one month behind length-of-day changes. While the 
total radiation naturally depends somewhat on the length of day, it 
also depends on the cloudiness and on the angle of incidence of the 
Slinks rays. Thus, while the length of day varies from 15.1 hours as 
an average for June to 9.3 hours for December, the solar radiation 
varies from 566.9 gram calories per square centimeter per day as an 
average for July to 166.2 gram calories per square centimeter per day 
for December. If June is considered as 100 per cent in both length 
of day and solar radiation, December would be 61.6 and 30.4 per cent, 
respectively. , , 

It may be noticed that solar radiation from the standpoint of time 
is more closely correlated with length of day than is temperature, and 
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that,, from the standpoint of ma.ximnm variation, solar radiation is 
more closely correlated with temperature than is length of day. 

The fomgoiiig experiments show that the optimum response to the 
short day is at approximately 10*^ to 12 ^ C. The days rapidly shorten 
in October and November /and during this period the average tem- 
perature is precisely at tliis range. (Fig. 10.) Another and perhaps 
important fact is that while temperatures may vary greatly from day 
to day and year to year the stimulating effect of the shortening day 
length on the hardening process is present, and in addition the shortest 
day lengths precede the lowest temperatures by approximately one 
month. 

An additional similarity between natural environment and the 
controlled environment found to give optimum hardening is the 
alternating-temperature effect with light during the wmrmest portion 
of the day. It has been noted that under the conditions of this study 
the alternating temperature of 16 hours in the hardening room and 8 
hours in the wnirm greenhouse during daylight developed greater 
hardiness in the plants than did continuous low temperatures. Simi- 
larly, under natural conditions, the light effect reaches a maxiniimi 
early in the fall, at relatively high temperatures, and the alternating- 
temperature effect is greatest later in the fall and in early winter, at 
lower temperatures. 

These studies show very clearly, at least with respect to the three 
varieties Turkestan, Grimm, and Arizona common, that hardening 
brings out greater varietal differentiation in resistance to cold. 

Since alternating temperatures have been found to exert an impor- 
tant hardening effect, it may be desirable to use controlled alternating 
temperatures for hardening. Shortened day length for hardening 
may also be used to advantage under certain conditions. Both 
temperatures and light are of primary importance in producing 
optimum conditions for the hardening of alfalfas. 

SUMMARY 

Tliis paper presents a study of the influence of light, temperature 
and soil moisture on the ability of different alfalfas to survive cold. 

Alfalfa plants of the Turkestan, Grimm, and xlrizoiia common vari- 
eties, grown for 30 days in the warm greenhouse, were used in the 
investigation, and a 14-day period was taken as the standard time in 
the. hardening room. 

Length of day was found to have a very important influence on 
the hardening process. The hardier varieties responded markedly to 
a short day length, under w^hich they hardened off much more than 
under a normal day length. This response, however, was confined to 
certain temperature ranges. Practically no response to a 7-hoiir day 
at 20° or at 0° C. was observed, but at a temperature of 10° to 12° 
the response was very marked. Of the three varieties studied, the 
hardiest responded most to the short day; the xmhardy responded 
least. In addition to length of day, intensity of light was found to 
be an impoihant factor in the hardening process. This was impor- 
tant, however, only when the light reached a miniimim beyond which 
a reduction caused a weakening of the plant. Above this ininimum 
the response to light intensity was not so marked as the response to 
day length. 



Mar. 15 , 1933 FactoTs Infiuencing Hardening Process in Alfalja 513 


The short day at both medium and high temperatures greatly re- 
duced growth. This reduced growth was reflected in a high percent- 
age siirTival of plants at the medium temperatures, but not at the 
high temperatures, indicating that reduced growth is not a criterion 
of hardening. 

Plants hardened under white light were better able to withstand 
cold than those hardened under red or blue light. 

The resistance of plants to freezing varied with the temperature at 
which they were hardened. Fro.m 20^ to about 0° C. the percentage 
survival increased as the temperature was lowered. Plants taken 
directly from a warm room to a hardening room at — 5° were killed 
outright. The greatest response to temperature occurred at about 
5°. The varieties again responded in order of hardiness, Turkestan 
showing the greatest increase in hardiness for each 1° change in tem- 
peratime, and Arizona common showing the least. 

At the range of optimum activity, light seemed to influence hard- 
ening almost as much as temperature, because for each hour of short- 
ening in day length from a lOK-hour day to k 7-hoiir day there was an 
increase in survival of 16, 6.3, and 1.4 per cent for Turkestan, Grimm, 
and Arizona common, respectively, while for each 1^ C. of decrease in 
the hardening temperature the increase in survival was 12, 10, and 6 
per cent for the same three varieties. Hardening served to bring out 
greater varietal differentiation in resistance to cold. 

Alternating temperatures during the hardening process markedly 
increased cold resistance, although this was influenced also by the 
time of day that plants were subjected to the cold and by the tem- 
perature of the hardening room. 

Plants subjected to zero temperatures for 16 hours and then placed 
in a warm greenhouse (approximately 20° C.) during the day for 
eight hours developed much greater hardiness than those kept con- 
tinuously at 0°. This was true at all temperatures up to approxi- 
mately 5° for Arizona common and 7"° for Turkestan. At these tem- 
peratures no increased benefits were obtained by alternating tem- 
peratures. At 12° a slight decrease in hardiness was found in plants 
subjected to a high temperature for eight hours during the day. 

Two or four hours in a hardening room at 3.8° C. greatly increased 
the hardiness of the plants, the 4-hour plants being about equal in 
hardiness to those kept continuously at 3.8°; but these conditions did 
not produce as great a degree of hardiness as when the plants were 
kept in the hardening room for 16 hours and the remaining 8 hours 
in the warm greenhouse in daylight. Two or four hours did, however, 
give hardier plants than 8 hours in the hardening room, when this 
8-hour period was taken during the middle of the day and the plants 
allownd to remain in the warm gieenhouse during the night. The 
least hardy plants were those subjected to the low temperatiire for 
8 hours during the day and for the rest of the time kept in a dark 
warm room,. , 

Reducing the soil moisture as low as the incipient wilting point did 
not markedly harden any of the varieties. The rapidity and degree 
of freezing of the dry soil as compared to the moist soil far over- 
shadowed any hardening effect of the low moisture. The plants in 
the soil containing the highest percentage of moisture invariably gave 
the highest percentage of survival when frozen for the same length 
of time as the low-moisture set. If they were frozen until the soil 
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temperature iii the higli-moisture set was the same as in the low- 
moisture set the survival was slightly in favor of the plants hardened 
in the low-moisture soil. Plants kept severely wilted for 10 to 14 
days and then frozen in the severely wilted condition were very much 
more resistant to cold than those watered normally. 

The close correlation between natural conditions in the fall, such 
as decreasing day length and alternating temperatures, and the effect 
on the hardening process of similar factors under controlled conditions 
is pointed out. 

It is suggested that alternating temperatures or decreasing day 
length, or both, might be used under an artificially controlled environ- 
meiit for hardening plants that are to be frozen by artificially pro- 
duced low temperatures. 
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LARVAL INSTARS AND FEEDING OF THE BLACK 
CUTWORM, AGROTIS YPSILON ROTT.V 

By A. F. Satterthwait ^ 

AssocMe Entomologist j Division of Cereal and Forage Insects, Bureau of Ento- 
mology, United States Department of Agriculture 

INTRODUCTION 

The studies of the black cutworm^ Agrotis i/psilon Eott., here de- 
scribed, were undertaken because of outbreaks of the insect which oc- 
ciirred in the ^'overflow land'' of the Black Kiver in the neighborhood 
of Hoxie, Ark., following inundations that affected thousands of 
acres of cornland in 1927 and 1928. The experimental work was 
carried on at the field laboratory of the Bureau of Entomology in 
Webster Groves, Mo. 

NtJMBER OF GENERATIONS 

The investigations indicate that, there are three generations an- 
nually, the adults emerging early in April or May from pupae formed 
in the fall. The individuals in groups 28727 and 28730 developed 
from larvae collected in the field in the Hoxie district in 1928. Nu- 
merous adults were obtained hi October of that year, and some lived 
iiiitil December, but no eggs were produced by them. Those in group 
29033-b were from a female captui*ed May 14, 1929. Those in groups 
29111 and 29127 were from group 29033-b. Three definite broods 
were reared from this stock. None of the adults obtained in these 
experiments suiwived the winter. 

METHODS 

The cages in which the adults were held for oviposition consisted 
of inverted jelly glasses set in 4-ounce tin boxes, of 2-ounce tin boxes 
covered by jelly glasses, and of lantern globes with cheesecloth tops 
and saucer bases. 

Eggs were collected daily in the early forenoon, and usually again 
in the late afternoon, and were kept under frequent observation in 
closed 2-ounce tin boxes. The newly hatched larvae were caged in 9 
by 35 mm culture tubes having tight cotton or cork stoppers. Gorii 
fohage was used for feeding experiments.*^ In the small culture tubes 
cross sections of corn leaves about one-quarter inch long were used. 
As the larvae grew and were less likely to be lost, they were placed in 
25 by 100 mm shell vials, and when more than half grown were placed 
in 4-ounce tins. When it seemed apparent that the larvae were 


U Received for publication July 27, 1932; issued April, 1933. 

2 The writer was assisted by R. G. Lange, assistant scientific aid, and, in the summer of 1929, by James 
B. Gahan and Dorothy Boyer, in the experimental work described in this paper. 

5) An exception occurred in the night of May 26, when the larvae in group 2903S-b were hatching. Each 
set was given a piece of wheat leaf at 9.10 p. m., which was exchanged for corn foliage by 9.30 a. m. the next 
day. Micrometer cmliper measurements revealed a thickness of 0.09 mm at the edge and 0.11 mm in the 
blade in both corn and wheat leaf blades. May 27. The quantities eaten WTre very small and were prorated 
foreachset 
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tliroiigli feecliiig, sifted soil was added to the tins to permit the larvae 
to burrow in and form earthen cocoons for pupation. 

The partl'v consumed foliasre was removed from the cage once daily 
and pressed^to keep it flat until it could be measured. Rarely, when 
none had been eaten, the foliage was left another day. In the later 
instars the siipplv had to be replenished more than once a day. 
Each piece of corn leaf blade was cut accurately to a prescribed length 
and was removed while its outline remained discernible. As the 
larvae increased in feeding capacity, it was necessary to record the 
number of pieces given, together with their lengths and widths, as an 
entire piece might be eaten and thus escape record. 

Areas consumed were determined by the use of cross-section paper 
ruled to hundredths of a square inch. The original contours of pieces 
of foliage were determined by records and by their remaining edges. 
By these means the quantity consumed was c|uickly computed. ^ 

Head measurements were made preferably with micrometer calipers 
adjusted to read 0.01 mm. Measurements made with the aid of the 
eyepiece of the niicroscope were less dependable, apparently because 
of personal error in choosing the plane at which to make the measure- 
ment, but this method was used generally until after the second instar. 
While being ineasiired with the calipers, the larva was held on a moist- 
ened camePs-hair brush, when possible, but older larvae were held 
between the finger and thumb. All measurements were made on the 
upturn, a procedure which eliminated the error due to the looseness 
of the caliper screw, as the instrument was set to begin on the upturn 
at zero. 

DESCRIPTION OF SEVENTH AND EIGHTH LARVAL INSTARS 

Crumb (/, p. 55~56Y published descriptions of the first to the sixth 
instars, apparently having encountered no records of 7-mstaror8-mstar 
larvae. The following desciiptions^ were written from a study of one 
larva of each of the seventh and eighth instars in life, the specimens 
being immediately killed and preserved for reference. Ridgway^s 
color key® was used for determining the colors recorded. 

Seventh instar. — Head 3.62 mm broad. Extended body 5.48 mm thick, 50 
mm long. Cervical shield olivaceous black with narrow median line pale gull 
gray, and a pale spot at cephalic margin about one-sixth the width of shield from 
each side. Frons verona broivn; major color on epicraniiun fuscous black on 
verona-brown background. Ocelli 1, 2, and 5 translucent, appearing whitish; 6 
nearly so; 3 and 4 dark. Median line much interrupted, almost wanting on third 
thoracic and first abdominal segments, vetiver green, as also most of the limited 
light color of dorsiim. Setal spots la and Ila blackish slate, each of the II series 
spots bordered mesad by spots of olive buff. Venter dark grayish olive. Ground 
color of anal plate dark olive buff, overlaid in part on each side of median line 
with deep olive. The encircling zone of setal spots III, IV, and V, and setal spot 
V, pale olive gray, setal spots III and IV olive gray. 

Eighth instar. — Head 3.84 mm broad. Body 5 mm thick, about 45 mm long. 
Neck full, as if nearing a molt. General color dark olive green with pale olive 
biiif at mesal bases of series of II setal spots, with pale gull gray encircling bases of 
setae III, IV, and V, with V spot itself gleaming white. Head: Prons and region 
of eye and aiiteima verona brown; upper and middle epicranial halves and an 
area low on side browjiish olive, the latter an island on the verona-brown area. 
Ocelli 1, 2, and 5 tramslucent, appearing whitish, 3, 4, and 6 nearly the color of the 

^ Keference is made by number (italic) to Literature Cited, p. 530. 

The numerals used in these descriptions of the seventh and eighth instars correspond to those used by 
Crumb in his description of the first six instars and refer to Figures 5 and 13 in the bulletin on tobacco cut- 
worms i ; } w'hich figure the larval bead shield and setal chart, respectively, for Fdtia spp. 

e Ridgwav, R. Color standards and color nomenclature. 43 p., illus. Washington, D. G. 1912. 
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ciypeus. Mandibles with four major teeth, the upper somewhat bifid, the lower 
with a small tooth remote from termination of main tooth. Labruin with two 
semicircular lolies separated by a narrow rounded notch, paler than frons. The 
rough epicraiiium shows the rounded spots far back. Cervical shield olivaceous 
black with narrow median line hayti gray, integument of neck pale gull gray. 
The mediaii line back of cervical shield is broken. The areas represeiitiiig the 
greatly reduced subdorsal bands are vetiver green, including two broken slender 
lines on sides. The light area at mesad bases of series II setal spots, the encircling 
zone of setal spots III, IV, and V, and the V setal spot in its entirety, pale gull 
gray. Border of median line and dark color of back dark olive gray. I and II 
setal spots slate black. Setal spots III and IV olive gray. Venter deep slate 
olive. Anal shield olivaceous black on warm buff, the latter showing in median 
line and at margins. 

The cliaracter of skin in the seventh and eighth instars agrees 
entirely with the description given by Crumb for the sixth instar, 
except that the convex, rounded, distinctly isolated, very coarse 
shiny granules ’' occasionally range in size up to 0.1 mm each. The 
adfrontal siitures reach the occipital foramen. Setal tubercle I is 
about 0.6 mm in longitudinal axis of larva, 0.9 mm wide, and that of 
II, 0.9 by 1.7 mm.^ 

Setal tubercle I is slightly more than half the diameter, both longi- 
tudinal and transverse, of setal tubercle II, each definitely transverse. 
Tubercle III is slightly larger than I but with less of its surface pig- 
mented. Basal portion of leg claw without tooth. About 20 crochets 
on each proleg. 

LARVAL DEVELOPMENT AND DETERMINATION OF INSTARS 

The development of the larva is indicated in Table 1 , in wliicb the 
head measurements of many specimens are averaged, fii^st for all_, then 
for only those becoming adults, then separately by sexes for individuals 
which became adults after 6 instars, then separately by sexes for 
individuals which became adults after 7 instars, and lastly for the 
few females which became adults after 8 instars. Of those reaching 
the adult stage, 57.4 per cent passed through 6 instars, 38.9 per cent 
required 7, and 3.7 per cent required 8 instars. 


Table 1. — Average head measurements for the entire series and for the individuals of 
each sex of the black cutworm that matured in 6, 7, and 8 instars, respectively, 
Webster Groves, Mo. 


Instar 

Entire series 

Individuals 
which be- 
came adults 

Individuals which be- 
came adults in 6 instars 

Individuals which be- 
came adults in 7 instars 

Individuals 
which be- 
came adults 
in 8 instars 
(no males) 

Males 

and 

fe- 

males 

Aver- 

age 

head 

width 

Males 

and 

fe- 

males 

Aver- 

age 

head 

width 

Males 

Females 

Males 

Females 

Females' 

Indi- 

vidu- 

als 

Aver- 

age 

head 

width 

Indi- 

vidu- 

als 

Aver- 

age 

head 

width 

Indi- 

vidu- 

als 

Aver- 

age 

head 

width 

Indi- 

vidu 

als 

Aver- 

age 

head 

width 

Indi- 

vidu- 

als 

-Aver- 

age 

head 

width 

First. 

Second------ 

Third--- 

Fourth--- 
Fifth— — 
Sixth—--.-- 
Seventh-.--- 
Eighth 

'Num- 

ber 

60 
120 
142 
134 
125 i 
113.' 
51 
' 4 

Mm 
0.29 
.44 
. 78 
1.38 
2., 12 
3.06 

z.m 

3.81 

Num- 

ber 

34 

70 

85 

92 

96 

■ ,97 

■ ■ 45' 

4 

Mm 
0.29 
.45 
.79 
1.39 
2. 14 
3.07 
E. 61 
3.81 

Num- 

ber 

17 

20 

25 

29 
31 

30 

Mm 

0.29 

.47 

.80 

1.59 

2.26 

3.36 

Num- 

ber 

8 

12 

20 

21 

24 

24 

Mm 

0.29 

,48 

.83 

1.53 

2.^ 

3.44 

Num- 

ber 

5 

20 

24 

23 

23 
24' 

24 

Mm 

0.28 

.42 

i!99 
1.99 
2. 72 
3*. 69 

Num- 

ber 

4 

,.■"14 ,, 

12 

15 

15 

16 
17 

Mm 

0.29 

.42 

.78 

1.20 

1.97 

2.72 

3.72 

Num- 

ber 

4 

4 

4 

3 

3 

4 

4 

Mm 

0.41 
. 73 
1.04 
1.70 

2. 44 

3. 25 
3.81 
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111 the aiiah^sis of tlie average sizes of the head caps'ule for the several 
iiistars, it may be noted that the average of the aggregate^in the instar 
regardless of maturity, and the average of those individuals wliich 
became adults regardless of sex or number of instars, check up very 
closely. The averages for the adults which developed completely in 
six instars and for those which finished in seven and eight instars are 
fairly approximate in size, both in the first instar and in the last instar, 
but thej^ do not check up very closety in the intermediate instars, 
where the growth of the larvae which underwent seven and eight 
iiistars, respectively, was retarded as compared with the growth of the 
64iistar larvae. The number of individuals in the 7-instai* and 8- 
instar classes may be too small for consistent record for growth in 
those classes. In the larger class of the 6-instar individuals the aver- 
ages are more signifieant. There is not much difference between the 
head iiieasiirements of the males and females in the first three instars, 
but after that tlie heads of the males appear to be generally larger than 
those of the females. 

A further analysis of the head widths is given in Table 2, wdiere tlie 
maximuin and minimum widths of the head capsules are also shown. 
For the first and second instars the records cover all the larvae under 
observation. Tlie measurements given for the remaining instars are 
of those larvae only which finally became adults. 


Table 2. — Mirdmiim, maximum, and average head width Jar the various larval 
instars of the black cut worm, Webster Groves, Mo. 


Instar 

Individu- 
als meas- 
ured 

Width of head capsule 

Remarks 

minimum 

maximum 

Average 

First ^ 

Number 

60 

Mm 

0.26 

Mm 

0.35 

Mm 

0. 292 

Entire series. 

Second 

120 

.36 

.52 

.442 

Do, 

Tiiircl 

90 

« .61 

«1. 11 

.794 

Only those yielding adults. 
Do. 

Fourth 

92 


2.07 

1.390 

Fifth 

96 

L09 

2.80 

2.140 

Do. 

Sixth.. ■ 

97 i 

1.47 

3.94 

3.066 

Do. 

Seventh. 

45 1 

3. 14 

i 

3.95 

3.610 

Do. 



« The molts represeoted by the measurements of 0.61 and 1.11 inm occurred in a period of less than 3 days, 
during which only 1 examination was made. 


The head capsule is the least variable major portion of the larva, 
and the cast mask is the most durable portion of the exiivium. The 
head, therefore, is a good guide for determining the instar. While the 
larva is still active, the ocelli may be observed in the new head behind 
the ocelli of the mask which is about to be cast. Feeding is suspended, 
often the major part of a day, before molting. By measuring the 
head promptly after each molt, and again within two or three days 
after the last observed molt, the instam may be fairly accurately 
traced. The observation of the shifting ocelli sometimes aided in 
detecting a stage of development in the instar after wdiich feeding 
could not be expected. Suspended feeding before a molt was very 
often used for fixing the dividing line bet-ween the feeding of one instar 
and that of the next. The actual ecdysis was rarely witnessed. 

Measiirenients were generally made with the microscope eyepiece 
until after the second instar, because of the difficulty of handling 
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small larvae wlien making measurements by calipers. Later instars 
were measured b}" caliper. ' - ■ 

DURATION OF INSTARS 

The cages were examined at least once a day, when the food was 
changed and any exuviae removed and studied, and any details of 
changes in progress that had taken place since the last exaniination 
were noted. Usually the molts occurred between these examina- 
tions, and the length of the instar was computed as lasting from an 
iiiikiiown point between two observations to a similar point between 
two later examinations. For example, an egg hatched between 9 and 
9.10 p. m., May 26, and the larva cast its first exuvia between 9.30 
a. m., May 28, and 9.30 a. m., May 29; the first-instar period or sta- 
dium was, therefore, between 36.33 hours and 60.5 hours. The mean 
time in this example is 48.41 hours for the duration of the first instar. 

Table 3 gives the average range of each instar and of the larval 
period, hatching groups, regardless of whether or not the larva 
reached the adult stage. The first two figures of the group number 
denote the year. The first two hatching groups from eggs laid Sep- 
tember 4 and 5, 1928, hatched between 8.20 and 9 a. m. and 9 a. m. 
and 4 p. in,, respectively, September 10. The third hatching group 
from eggs of August 27, 1928, hatched between 4 p. in., ilugust 29, ana 
10.30 a. m., August 30. The explanation for the marked differences 
in average periods of duration of the first instar is presented tinder the 
discussion of eft'ect of temperature. The duration of the instars as 
recorded may therefore be regarded as fairly repi*esentative for the 
St. Louis district during May, July, August, and September, The 
first six instars lasted appro.ximately 3, 3, 3, 4, 5, and 7 days, respec- 
tivel^u 


Table 3. — Record of the duration of instars of the black cui'worm for groups hatching 
at different timeSy Webster Groves, Mo., 1928-29 


Group 

,No. 

Time eggs were laid 

Total 

of 

group 

First instar 

Second instar 

Third instar 

Fourth instar 

Indi- 

vid- 

uals 

Approx- 
imate 
duration 
of instar 

Indi- 

vid- 

uals 

Approx- 
imate 
duration 
of instar 

Indi- 

vid- 

uals 

Approx- 
imate 
duration 
of instar 

Indi- 

vid- 

uals 

Approx- 
imate 
duration 
of instar 



Num- 

Num- 


Num- 


Num- 


Num- 




her 

ber 

Hours 

ber 

Hours 

ber 

Hours 

her 

Hours 


f9.30 a. ni., Sept. 4. 

6 

6 

32 to 55 

6 

^to 76 

4 

35 to 92 

3 

S3 to 140 

f - - - - . 

18 a. m.. Sept. 5 ' 

10 

10 

30 to 36 

10 

32 to 83 

10 

45 to 99 

9 

66 to 131 

28730,„.„: 

4.10 p. m., Aug. 27 

12 

12 

255 to 290 

11 

117 to 176 

9 

120 to 178 

8 

US to 172 



f 35 

35 

61 t o 96 

35 

26 to 75 

32 

41 to 90 

31 

48 to 93 



4 

4i 

42 to 67 

4 

19 to 69 

i 3 

39 to 88 

. 3^ 

47 to 90 

29a33-h J 

2 p. m., May 2‘2, to 3.05 

1 ^ 

4] 

61 t o 86 

4 

6 to 60 

i 4 

23 t o 71 

4l 

50 to 96 


p. m., May 23. 

2 

2 

60 to 86 

2 

«0to 52 

2 

23 to 70 

■ '2' 

5Uo 95 



1 48 

48 

53to 89 

48 

15 to 66 

47 

33 to 88 

42: 

58 to 112 

29111.„„„ 

10.30 a. m,, July 4, to 

37 

. 371 

45 to 74 

37 

32 to 84 

35 

21 to 83 

■■27'; 

21 to 82 


9.15 a.m., July 5. 










29127- 

10.35 a. m., July 8, to 

f 11 

11^ 

47 to 104 

11 

16 t o 66 

9 

27 to 73 

,, 8^ 

23 to 56 


9.15 a. m,, July 9. 

V 17 

■ 17i 

1 

2710 72j 

17 

22 to 74 

15 

29 to 75 

13 

25 to .71 


^ These larvae were examined May 29, 9,46 a. m.. May 30, 11 a. m., and May 31, 1.45 p. m. It is evident 
that the duration of the second instax was less than 52 hours and that it was more than 0 hour. There are 
several instances of sncwsssive molts on succ^ive days. 
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Table 3,— Record of the duration of instars of the black ciiiiim'nK hatching 

at diijerent times, Wehsler Groves, Mo., 1928—29 — -'Coiitiiuied 


Group 
. No. i 

Fifth instar i 

Sixth instar 

1 Se venth instar 

Eighth instar 

Total larval period 

T r 1 

Indi- ! 

vid' 

uals 

Approx- 1 
imate | 
duration j 
of insrar | 

Indi- 

vid- 

uals 

j 

Approx- 
imate 
duration 
of instar 

Indi- i 
vid- 
; uals 

Approx- ! 
imate 
duration 
of instar 

Indi- 

vid- 

uals 

Approx- 
imate 
duration 
of instar 

Indi- 

vid- 

uals 

Approx- 
imate 
duration 
, of stage 


Num- j 

1 

Nil m- 









b€T 

Hours 1 

her 

Hours 

Kumber 

Hours 

Hu ruber \ 

Hours 

Humber 

Hours 


r 

lor| }7‘>! 

o 

1 1 2 to 1 75 

0 


0 


1 

626 to 672 

2ST97 

{ 6 

105 to laoj 

5 

' 125 to 189 

2 

129 to 193 

0| 


b 4 

621 to 678 



] 19 If) ISI 1 

5. 

142 to 206 

0 


' Oj 


1 

1, 008 to 1, 051 


f 29 

65 to llOi 

25 

142 to 185 

5 

147 to 187 

ol 


23 

543 to 570 

i 

2 

57 to lOSj 

2 

i no to 156 

1 

172 to 212 

j 0 


1 

1,069 to 1, 103 

29033-b.,J 

4 

70 to 1191 

4i 

1 106 to 150 

2 

172 to 213 

1 0 


4 

536 to 551 


1 2 

i 70 to 119| 

21 

1 96 to 147; 

2 

172 to 212 

0 


2 

520 to 543 


1 40 

71 to 11 li 

37i 

113 to 185! 

5l 

178 to 226 

0 


37 

531 to 558 

291 1 1 ! 

25 

i to 841 

25: 

88 to 137 

17 

151 to 196 

0 


25 

494 to 522 


/ 8 

' 48 to 9Si 

8: 

53 to 100 

8 

280 to 326, 

3 

180 to 218 

8 

548 to 602 

29127 1 

I 

1 n 

39 to 85 

lo; 

4Qto 96 

9 

157 to 202 

1 

222 to 262 

9 

400 to 548 


These are three 6-iiistar and one 7-instar individuals. 


The mean average duration of larval instars is given in Table 4. 


-Table 4. — The mean average duration in hours of larval instars of the black cutworm 
by cage groups f or all records in each instar and for those larvae which became adults 
in the. 6-instar, 7-instar, or 8-inslar classes, respectively, Webster Groves, Mo. 


Gage group 

Series 

First 

instar 

Second 

instar 

Third 

instar 

Fourth 

instar 

Fifth 

instar 

Sixth 

instar 

Seventh 

instar 

Eighth 

instar 

Total 
larval 
period « 



73 

44 

62 

78 

89 

140 






74 

42 

61 

81 

99 

182 



539 


1 7-instar 

70 

34 

56 

74 

65 

89 

179 


678 



59 

58 

57 

49 

60 

113 




July 4 

i 6- instar 

65 

61 

65 

50 

81 

185 



506 


1 7-instar-. 

56 

' 53 

43 

49 

' 62 

84 

172 


501 


Total 

fiO 

45 

' 51 

46 

67 

74 

193 



July 8 - 

7-instar 

58 

41 

51 

41 

67 

81 

197 


532 


}s-instar._ 

54 

47 

48 

48 

66 

52 

78 

210 

614 

August,.... 

/Total 

272 

146 

89 

145 

160 

171 




] 6-instar 

248 

(ft) i 

(ft) ' 

109 ! 

95 

240 



1,030 



38 1 

55 ‘ 

68 i 

105 ! 

139 

154 

161 


September-: 

*1 6-instar ^ 

47 1 

59 i 

84 i 

176 

139 

201 



647 

l7-instar_. 

40 1 

23 

43 

121 

146 

105 

204 


681 


« Not necessarily the total of the mean averages of the individual periods. 
^ Not determined. 


A few individuals made records quite at variance with the mean 
average duration. One larva of the 6-instar class, hatching July 4, 
required more than 118 hours in the first instar. One larva of the 6- 
instar class, hatching in Muf, in the third instar required less than 
32 hours. 

Less than 49 hours for the sixth instar was required in the case of a 
larva of the 7-instar class that hatched in May. 

There was no eighth instar in the July 4 or August groups. In the 
September group one larva attained the eighth instar but was killed 
to represent that instar. . 

The entire larval period, that is, from the date of hatching to pupa- 
tion, lasted less than 492 hours in the case of one 6-instar individual, 
and less than 563 hours in that of one of the 7-instaiTarvae that hatched 
in May; less than 457 hours in that of one of the 6-instar larvae and 
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less than 4S2 hours in that of one of the 7-mstar class that hatched 
July 4; less than 474 hours in that of one of the 7-instar; and less 
than 598 hours in that of one of the 8-instar individuals that hatched 
July 8. 

EFFECT OP TEMPERATURE 

The study of time variations in the development of the immature 
stages in relation to variations of temperature is on the basis of the 
published records of the St, Louis station of the United States 
Weather Bureau. The floor of the thermometer shelter is 737 feet 
above mean sea level, 10 feet above the main roof of the Kail way 
Exchange Building, and about 264 feet above the street level. The 
records of temperature taken by the Weather Bureau are used be-^ 
cause the laboratory instrument w^as out of ser\nce for several weeks 
during the period of the experiments. 

A cool period from August 30 to September 6, 1928, retarded the 
first instars of the August group, whereas warm weather following 
September 10 allownd faster grow^th, as is showm in Table 3, where the 
mean durations of the first instar in the August group and September 
4 series are, respectively, 272 and 43 hours. The retarding inflaence of 
cool w^eather prevailing when the larvae are in the fii’st instar may, 
as manifested in this example, be felt throughout the life of the larva. 
The mean averages for the entire larval periods of the August group 
and of the September 4 series are, respectively, 1,029 and 649 hours, 
and for the entire cycle from adult to adult are 1,344 and 1,129 hours. 
This record of contrasting life-cycle reactions to less than optimum 
temperature in the first larval instar may account for some outbreak 
phenomena, and is in keeping with the sensitivity recorded by 
Crumb (7, p. JJ), which appears automatically to preclude the suc- 
cessful hibernation of any forms at Nashville, Tenn., except pupae 
developing during a short period in the fall. 

T\Vo larvae in the September 4 series were followed through the 
several instars in relation to daily mean temperatures. The mean 
duration of the first instar and the mean average temperature for the 
period w^'ere, for the first, 40,47 hours, 78° F.; for the second, 63.8 
hours, 79.5°. The mean duration of the second instar and the mean 
average temperatxire w^ere 46.25 hours, 82.5°, and 90.25 hours, 76.5°, 
respectively; third instar, 58.05 hours, 77°, and 86.13 hours, 68°, 
respectively; fourth instar, 170.08 hours, 65°, and 82.75 hours, 61°, 
respectively; fifth instar, 131.38 hours, 57°; and 131.47 hours, 57° 
respectively; sixth instar, identical records, 201.47 hours, 66°. These 
two records show relatively speedy development wdth the warmer 
temperatures in second and third instars, and the reverse in the first 
and fourth instars; the larvae made identical records in the fifth and 
sixth instars with the same temperatures, the preceding irregularities 
having brought them to the beginning of the fifth instar at the same 
time. This nonadherence to the generally accepted rule of accelera- 
tion with warmth and retardation with cooler temperatures is not 
understood.. 

FEEDIISTG EXPERIMENTS 

The feeding records are fairly represented in groups in Table 5. 
The grouping of feeding records in this table is made according to cage 
group and hatching date of eggs. The first line of averages concerns 
all orthe individuals in a particular instar regardless of whether they 
became adults or not. Thus, in the series of 35 hatching in one period 
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in the Jvlay groiipy oiih^ 22 reached the pupal stage in six instars and 3 
in seTen iiistars and 1 larva was preserved in its eighth instar. The 
average for the entire larval period of the group, therefore, could not 
be obtained because of the irregularities both in number of specimens 
and of instars and because of the division into the two classes of 6- 
instar and 74iistar maturing larvae. The average quantities of foliage 
eaten by all larvae of each of the seven instars, however, are given for 
the three series of groups. 


Table 5. — Average quantities of food eaten by larvae of the black cutworm during 
the various instar s^ indicated by square inches of leaf surface, Webster Groves, Mo. 


Group No. 

Date eggs were laid 

F irst iiistar 

Second instar 

Third instar 

Individ- 

uals 

Foliage 
eaten “ 

Individ- 

uals 

Foliage 

eaten 

Individ- 

uals 

Foliage 

eaten 



Number 

Sg. in. 

Number 

Sq. i n 

Number 

Sq. in 



r ■ 35 

0.044 

35 

0. 119 

33 

0. 528 



4 

.026 

4 

.079 

3 

- 321 

29033-1) ...J 

May 22-23 

4 

. 051 

4 

.086 

4 

. 3(X) 




.026 

2 

. 101 

2 

. 495 



1 54 

.042 

49 

. Ill 

47 

.511 

29111 

July 4-5 

5' 1 

. 046 

5 

. 112 

5 

.329 

29127 

July 8-9 

5 ! 

■ 

.024 

5 

. 128 1 

4 

. 270 

Total or average 

109 

.041 

104 

.112 

98 

.483 

Average quantity of foliage eaten by 







65 larvae that eventually became 







sidults.. _ 




.037 


t .114 ! 


. 540 




"‘i 

1 1 




Oroiir> No. 

Date eggs were laid 

Fourth instar 

Fifth instar 

Sixth instar 

Seventh instar 

Indi- 

viduals 

Foliage 

eaten 

Indi- 

viduals 

Foliage 

eaten 

Indi- 

viduals 

Foliage 

eaten 

Indi- 

viduals 

Foliage 

eaten 



Num~ 

Sq. in. 

Num- 


Num- 


Num- 




ber 


ber 

Sf/. in. 

ber 

Sq. in. 

her 

Sq. in. 



f 32 

1.51 

29 

7.56 

26 

48.69 

3 

63. 82 



3 

1.33 

2 

4. 70 

2 

31. 78 

1 

61. 96 

29033~b 

May 22-23 

1 4 

1. 36 

4 

4.24 

4 

36. 36 

2 

60. 36 



1 2 

1. 40 

2 

2.95 

2 

29. 18 

1 

62. 42 



1 43 

1. 57 

40 

6. 15 

38 

49, 19 

6 

53. 38 

29111 

July 4-5 

3 

. 68 

2 

2.61 

2 

25. 29 

1 

42 88 

29127 

July 8-9-- 

2 ! 

.95 

2 i 

2.57 

2 

15. 65 

2 

28. 70 

Total or average 

89 i 

1.49 

81 1 

6.27 

76 ! 

45.85 

16 

53. 57 

Average quantity to foliage 









eaten by 65 larvae that even- 









tuallv hecame adults __ 


1. 55 


6. 01 


46.48 


^ 52. 53 












“ Average per individual in all eases in the table. Quantity eaten by 14 larvae. 


In Table 6 are recorded the average quantities of foliage eaten in the 
several instars by aU larvae which became adults in six instars, with 
separate averages for individuals which became males and females, in 
the May and July 4 groups. Inasmuch as only one individual in each 
of a number of the groxips became an adult, several of the records are 
those of individuals. 
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Table 6. — Average quantities of foliage consumed by larvae of the black cutworm, 
May and July 4 groups, that reached maturity after only six instars, and averages 
by sexes, Webster Groves, Mo. 





Foliage eaten by larvae of the 

- 


Record No. 

viduals 

First 

instar 

Second 

instar 

Third 

instar 

Fourth 

instar 

Fifth 

instar 

Sixth 

instar 

Total 

Larvae of the May group: 

Num- 

ber 

Sq. in. 

Sq. in. 

Sq. in. 

Sq. in. 

Sq. in. 

Sq. in. 

Sq. in. 

1 

19 

0. 044 

0. 13 

0. 51 

1. 71 

7.97 

55 . 90 

66. 26 


1 

.032 

.07 

.47 

1. 52 

7. 10 

54.66 

63. 85 

3 

2 

.027 

. 10 

.38 

1. 2fi 

4. 62 

58. 30 i 

64. 69 

4 

1 

.027 

.13 

.49 

1.43 

4.48 

48. 80 

55. 36 

5 - 

27 

.035 

.12 

. 50 

1.68 

6. 33 

56. 61 

65. 27 

Larvae of the July 4 group: 









a 

1 

.070 

.20 

.m 

! 1.19 

3. 03 ! 

39. 61 

44. ,76 

Total or average - - . . 

51 

. 039 

.12 

-50 

j 1. 66 1 

6.79 

55. 89 

65.00 

Averaged by sexes: 









Male - - 

29 

.039 

. 12 1 

.51 

1. 69 ! 

7.12 

52.79 

62. 62 

Female - 

22 

.040 

. 12 

.49 

1 1.62 

6.35 

59. 52 

68. 14 
! 


« The five sets of records for the May group in Table 3 are represented in the five records here given. 


In Table 7 are recorded the averages for all larvae yielding adults 
in seven instars, and the separate averages for individuals yielding 
males and females, in the May, July 4, and July 8 groups. On an 
average, the female is decidedly the heavier feeder. The records of 
feeding in the earlier instars are not constantly heavier for the females, 
but in the last three instars they are markedly heavier. The duration 
of the instar, and hence the quantity of food eaten, is dependent 
largely upon the prevailing temperature. 


Table ^ .—Average quantities of foliage consumed by larvae of the black, cutworm, 
May, July 4, <^'nd July 8 groups, that reached maturity after seven instars, ana 
averages by sexes, Webster Groves, Mo. 



Indi- 


Foliage consumed by larvae of the- 

- 


Record No. 

vidu- 

als 

First 

instar 

Second 

instar 

Third 

instar 

Fourth 

instar 

Fifth 

instar 

Sixth 

instar 

Seventh 

instar 

Total 

Larvae of the May group: « 
1__, 

Number 

2 

Sq. in. 
0.028 

Sq. in. 
0- 10 

Sg. in. 
0.53 

Sg. in. 
0.94 

Sg. in. 
4.27 

Sq. in. 
16.58 

Sq. in. 
64. 44 

Sq. in. 
86, 89 

9 

1 

.m5 

09 

.24 

.97 

2.30 

8.90 

61.96 

74' 49 

3. ■ 

2 

.074 

.06 


1.46 

3. 85 

14, 42 

60. 36 

80.44 

4_ 

1 

.024 

.07 

.50 

1.38 

1.42 

9,56 

62. 42 

75. 37 

5 

5 

.028 

.06 

.41 

1.29 

3.38 

14. 67 

52.23 

72. 07 

Larva of the July 4 group: 

6__ 

1 

.022 

.03 

. 10 

.43 

2. 19 

10, 97 

42.83 

■ 56. 57 

Larvae of the July 8 group: 
7_,_____ 

2 

.015 

1 

.15 

.37 

.94 

2.58 

15. 64 

28.72 

48. 42 



Total or average 

14. : 

.032 

.08 

,37 

1. 14 i 

3. 16 

14.00 

52.53 

71.31 


Average by sexes: 

Male 

7 

.038 

.07 

,31 

1.14 

2.63 i 

11,36 ^ 

51.93 

67.48 

Female. i 

7, 

.027 

.09 

.43 

1.14 

3.69 

16.65 

53.12. 

75. 15'. 

■ . 



» The 5 sets of records for the May group in Table s are represented in the 5 records here given. 
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Tlie progression in quantity of feeding done in each instar ^in both 
tlie 6“iiistar and the 7-instar maturing classes is shown in Figures 1 
and 2. The averages for the 6-instar class (Table 6) are represented 
by squares ill FigureT, tFe outside square representing the -total area 
of foliage coiisumed. The correct measures of these squares are 0.197, 
0.35, OJl, 1.29, 2.6, 7.34, and 8.06 inches. The averages for the 
7-instar class (Table 7) are represented hy the squares in Figure 2. 
The correct measureinents of the sides are 0.18, 0.287, 0.61, 1.07, 
1.77, 3.74, 7.2, and 8.44 inches, the outside square representing the 
total qiiaiitit}^ eaten. 



Figure L~~Compamtive area of foliage consumed in the successive instars by larvae of the black 
cutworm that matured in six instars. The numbers in the superimposed squares indicate the 
mstars, and the outside square represents the total area consumed during the entire larval period 


The entire larval period is approximately the same for the 6-instar 

quantity of food consumed is greater in 
the 7-instar than in the 6-instar class of the May group. The quan- 
tity of food consumed by the 7-instar larvae of the July 8 group is not a 
satisfactory record, as there were only two specimens in the class. 
However, the mean temperature for the period of the larval stages of 
the July 8 group, July 13 to August 3 (81° F.), was 8° higher than for 
that of the May group. May 23 to June 18 (73°). This would indi- 
cate that larvae go through the feeding stage with less aggregate feed- 
ing when the weather is warm than when it is cooler. 
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The progression in quantity of feed consumed and the time spent 
ill each instar are shown graphically in Figure 3. The dotted line 
represents the May larvae maturing in 6 instars, the solid line the 
hlay larvae maturing in 7 instars, and the dash line the July 8 larvae 
maturing in 7 instars. Only the average duration of the instars and 
feeding records of the individuals wliicli became adults were used. 



Figure 2.— Comparative area of foliage consumed in the successive instars by larvae of the black 
cut worm that matured in seven instars. The numbers in the superimposed squares indicate the 
instars, and the outside square represents the total area consumed during the entire larval period 


DISCUSSION 

Garman and Jewett (J) determined that the corn ear worm, Heliothis 
obsoleta Fab., had three complete broods a year at Lexington, Ky., 
the first brood (July) requiring 12 to 17 days to mature, the second 
brood (August) 12 to 19 days, and the third brood (September, 1908) 
10 to 14 days and (Septembei^October, 1909) 23 to 36 days. The 
instar periods averaged from 10 records of the first brood were, re- 
spectively, 2.63, 2.50, 2.08, 2.42, 2.58, and 3.58 days. The larval 
development was swiftest in warm weather and slowest in cool 
weather. The time of development of the last brood was normally 
lengthened by the cool weather. 

Several writers on the instars of lepidopterous larvae of the cut- 
worm family, or of larvae behaving much like the cutworms in their 
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method of work 
army worm^ 
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Figitre 3.-~Area of foK^e eoBSumed by the Hack cutworm in 
various larva] instars. The dotted line represents the larvae of 
the May group maturing|after 6 instars, the solid line those of 
the May group requiring|7 instars, andthe broken line larvae 
of the July 8 group maturing in 7 instars." The figures at points 
where the lines change direction mark the close of the instars 


Sattertliwait {2) on the true 
Parker, Strand, and Seamans 
(7) on the pale western 
cutworm, Potvsagrotis or-‘ 
thogojiia M o r r . , and 
Liiginbill (6) on the fall 
army worm, Lajphygma 
frugiperda S. and A., re- 
corded the duration of 
the second, third, and 
fourth instars as shorter 
than that of the first, and 
that of the sixth as much 
longer. 

Crumb (f , p. 58) states 
that in a series of tests on 
Agrotis ypsilon the six in- 
stars required, respec- 
tively, 2, 2, 3, 4, 4, and 5 
days, a shorter duration 
for the fii'st instar, in 
relation to that of the 
second, third, and fourth, 
than usual, but the usual 
substantially increased 
duration for the sixth. 

In the present investi- 
gation of the black cut- 
worm, effort was made to 
give all the larvae equally 
good food. Thus there 
is no recognized cause for 
the development of seven 
or eight instars in the 
several instances record- 
ed . The record of D ecker 
(5, 2^- i-44) furnishes an 
entirely satisfactory ex- 
planation for the 7 to II 
instars in the 4-lined 
borer, Luperina stipata 
Morr., because of the 
continuous feedingof un- 
favorable parts of the 
plant to certain individ- 
uals. Crumb (f,2>. lS4j 
IS 8) found a seven thin- 
star in the spotted-sided 
cutworm, Agrotis hadino- 
dis Grt., and the spotted 
cutworm, Agrotis c-ni- 
grum L., but made no 
comment. 
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It is a common observation that a high temperature speeds feeding 
and growth and a low temperature checks feeding and growth. The 
present investigation included temperatures sufficiently low almost to 
suspend all development for a week at a time. Decker (5, j). used 
controlled temperatures in certain experiments and reported that— 

Larvae reared in an incubator at 27° C. developed almost twice as fast as those 
reared at 20° G., about two and one-half times as fast as those reared in the 
screened laboratory, and about four times as fast as those reared at 13° C. 

Where there are several generations a year, the duration of the last 
generation is likely to be lengthened by cooler weather. Garman and 
Jewett (J, i). 539) found three complete broods and a fractional fourth 
for the corn ear worm at Lexington, Ky. The three broods required 
approximately 30 days each. The fourth brood was definitely im- 
perfect on account of frost. 

Watson (<S, p. 1) indicates that the late fall weather may affect the 
velvetbean caterpillar, Anticarsia gemmatilis Hbn., in the statement 
that ^date in the fall, a few individuals molted seven timesd^ 

Parker, Strand, and Seamans (7, p. indicate that the extreme 
variation in length of life of larvae of the pale western cutworm may 
be chargeable to food supply rather than low temperature, as the 
larvae migrate little or not at all, and may remain unharmed through 
lack of food for several weeks in the feeding season. 

Luginbill (d, p. JJ) records the fact that the larval period in the fall 
brood of the fall army worm at Columbia, S. C., averages 29 da 3 ^s, 
whereas that of the summer brood averages 14 days. This is obvious- 

a slomng down with reduced temperatures. 

Holloway, Haley, and Loftin (5, p, 27-28) furnish a tabulated siiin- 
inary showing the numbers of instars of the siigarcane borer, Diatraea 
saccJiaralis Fab., and numbers of examples in relation to average mean 
temperatures. Ten instars, the greatest number, was coincident 
with the lowest average mean temperature occurring in the experi- 
ment. Although seven instars occurred at an average mean tempera- 
ture of 78,9° F., the prevalence of increased numbers of instars at 
average mean temperatures of 69,8° and lower marks a definite ten- 
dency to greater numbem of instars at the lower temperatures. There 
appeared also to be a slight tendency for instars to increase in number 
with the highest average mean temperatures. The length of tlie 
developmental period of the larvae was great, 242 or more days, at 
average mean temperatures of 61.4° and lower, and moderate to short, 
19 to 76 days, at average mean temperatures of 65.3° and higher. 

Crumb (f) shows the lengthening of the larval stage of Agwtls 
ypsilon (p. 57) at cooler teinpei^atures in the fall and of the granulate 
cutworm, FcMn annexa Treit., (p. 7P~80). In the variegated cut- 
worm, saucia Hbn. (p, 112-113)^ the reaction 

to cool weather was legular in the tardy larval development in the 
spring at average mean temperatures of 61° F. and lower, and in the 
summer, but the larval period lengthened beyond the spring periods 
at September average mean temperatures not lower than 73.5^. 

Watson (8) measured the quantity of food consumed by weighing 
the foliage before and after feeding, preventing all appreciable evap- 
oration % keeping leaf stems in water, and all under a bell jar. 

Davis and Satterthwait {2) investigated the quantities of food con- 
sumed hj larvae of the true army worm, using 153 individually caged 
larvae in September and October. The quantity of corn foliage 
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coiisumed in tlie several instars averaged, respectively, 0.03, 0.10, 
0.34, 1.20, 5.36, and 34.13 square inches each, an average total of 
41.39 square inches for each larva. 

Luginbill (d) recorded the quantity of food consumed by larvae of 
the fall army worm. Two larvae were obsep^ed while feeding, corn 
leaves were used exclusively, and the quantity eaten was measured 
daily. One larva ate the equivalent of 90.2 cm^ plus an area of 153 
mm^ skeletonized; the other ate 91.8 cm^ of foliage and skeletonized 
an area of 192 mm\ The fall army worm thus matures on about 
one-third the com foliage required by the black cutworm and requires 
appreciably less tipie in the larval stage. 

SUMMARY 


There are three generations of the black cutworm a year at Webster 
Groves, Mo. Unseasonably cool weather may greatly retard larval 
developiiient in the first instar and probably serves to increase the 
mortality rate in later stages of these larvae. 

The growth of larvae in general, judged by head measurements, is 
approximate to one and a half times the size of the preceding head 
width, if the growth is completed in six instars. Where more instars 
occur, the increase after the sixth is greatly x^educed for the subsequent 
stages. Increases in size between instars, especially in the first three, 
may be much greater; rarely the width in the second instar measures 
twdce the width in the first. 

The quantities of food eaten in the first three instars are small, then 
increase abruptly, especially between the fifth and sixth instars, in 
the indi’vddiials maturing in six instars. The measurement of food 
eaten was possible when corn foliage alone was supplied. In nature, 
the larvae bite off and then discard entire plants, thus getting an 
unknown volume of plant tissue and wasting perhaps a thousand 
times more than they consume. When fed corn foliage exclusively, 
a larva wliich undergoes six instars will eat the equivalent of 65 square 
inches of corn leaf. 

^ The feeding of the larvae which eventually yield females is appre- 
ciably heavier than that of larvae which yield males, and is lighter in 
the July than in the May brood. 


( 1 ) 

( 2 ) 

(3) 

(4) 
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' DEVELOPMENT OP THE NODULAR WORM, 
OESOPHAGOSTOMUM LONGICAUDUM, IN THE PIG> 

By Lloyd A. Spindler 

Assistmit Zoologist, Zoological Division, Bureau of Animal Induslry, United States 
Department of Agriculture 

PREVIOUS INVESTIGATIONS 

Previous to 1925 nodular worms from domestic swine were con- 
sidered as belonging to only one species, namely, Oesophagostomiim 
dentoDm, originally described by Rudolphi in 1803. In 1925 Goodey 
(d)^ reported the occurrence in swine in New Guinea of a new species 
of this genus which he named 0, longicaudum. In the same year 
Schwartz (6) found specimens of this form in collections of swine 
parasites from the United States, Tonkin (Indo-China), the Philip- 
pine Islands, the Fiji Islands, and China. These findings indicated a 
rather wide geographical distribution of the new^ species. In the 
course of investigations on swine parasites, Schwartz (7) noted that 
0. longicaudu/m is a common parasite of hogs in the southern part of 
the United States as far north as Maryland. In that State he found 
this species to occur rather infrequently, the majority of nodular 
wornis widch he collected from pigs raised in Maryland and in the 
vicinity of Washington, D. C., being 0. dentatum. In contrast to the 
rather Timited distribution of 0, longica/udmn in the United States, 
0. dentatum was found by Sclwartz to be of frequent occurrence in 
hogs raised in the North as well as in those raised in the South. In 
addition to the difference in geographical distribution of the two 
species of Oesophagostomum in pigs, Schwartz (7) observed a wide 
difference in the type of intestinal lesion usually associated with the 
mature forms, of the two species. Small uninflamed nodules, which 
were usually associated with mature forms of 0. dentatum^ were found 
in post-mortem examinations of pigs raised in Maryland and the 
vicinity of Washington, D. C, On the other hand, in post-mortem 
examinations of pigs raised near Moultrie, Ga., Schwrartz observed 
not only small nodules similar to those found in the intestines of hogs 
raised in Maryland, but also large raised nodules each surrounded 
by an inflamed zone. In his discussion of the presence of the large 
inflamed nodules in southern hogs, Schwartz (7, p, 413) wrote as 
folio w^s: 

The relatively large and conspicuous nodules noted in pigs killed at Moultrie, 
Georgia, have not been observed in the course of post-mortem examinations of 
pigs killed in the vicinity of Washington, D. C. Whether this can be accounted 
for on the basis of the occurrence of species of Oesophagostomum in pigs in the 
South, more particularly 0. longicaudum, vrhich are absent or rare in the vicinity 
of Washington, D. C., has not been definitely determined. Fourth-stage Oesoph- 
agostoiiium larvae obtained from intestinal nodules of pigs killed in Moultrie 
and other points in Georgia, have showm a morphology resembling that of the 
adult forms of 0. longicaudum, and comparable larvae obtained from intestinal 
nodules of pigs slaughtered in the vicinity, of Washington, D. C., have shown a 


5 Received for publication July 19, 1932; issued April. 1933. 

2 Reference is made by number (italic) to Literature Cited, p. 542. 


Joumai of A,gricultural Research, 

W^ashington, D. C. 

; i '(531) 


Vol. 4f), No. 5 
Aiar. 15, 1933 
■Key No. A-i5f> 



532 


Journal of Agricultural Research 


Vol. 46, No. 6 


morphology suggestive of that of the adult forms of 0. dentatimi, particularly so 
far as the sliape of the anterior end of the oesophagus and the relative length of 
the female tail were concerned. 

Ill coniiectioii witli these findings, the present writer made post- 
mortem examinations of 367 swine raised in Georgia and the surround- 
ing States and observed that inflamed nodules were present in the 
intestines of animals infested with Oesophagostornum longicaudum 
alone, as well as in those having mixed infestations. Furthermore, 
0, longicmLdmni was the most common species of nodular worm found 
in the animals examined. This species was present in 98 per cent 
of the animals and 0. dentatum in 81 per cent. These facts indicated 
a possible connection between the inflamed nodules commonly seen 
in southern hogs and the presence of 0. longicaudum in the intestines 
of the infested animals, thus validating the suggestion made by 
Schwartz. In view of the opinion expressed by that writer regarding 
the economic importance of this pathological condition of the intes- 
tines, an attempt was made to obtain definite information on the 
development of 0. longicaudum in the intestine of its host and to 
determine the pathogenesis of the lesion in question. To gain this 
information a series of infection experiments was undertaken. 

EXPERIMENTAL PROCEDURE 

The infection experiments described in this paper were carried out 
in Moultrie, Ga., in 1931. Seven pigs 6 to 8 weeks of age which had 
been raised free from nodular wmrms were infected experimentally 
with pure cultures of infective larvae of Oesophagostomum longicaudum. 
The host animals used had been farrowed and raised in a cement- 
floored pen which was cleaned and then scrubbed with boiling water 
several times each day throughout the experiments. The efficiency 
of this method in controlling extraneous infections with intestinal 
helminths is attested by the fact that no extraneous infections except 
such as were due to Strongyloides were found either in the control 
animals or in any of the experimental pigs involved in the tests. 

Infeetive larvae of Oesophagostomum longicaudum wore obtained by 
culturing ova from gravid females on moist sterile soil at room tem- 
perature for a period of five to seven days. The ova w^ere obtained 
b}^ cutting up the female worms fine with a pair of scissors. At the 
end of the culture period the infective larvae wrnre recovered from 
the soil by means of the Baermann apparatus. In view of the fact 
that Goodey (4) had failed to bring about penetration of the skin by 
infective larvae of 0. dentaium, the host animals in these experiments 
were infected by mouth, 500 to 700 larvae being given to each animal. 

The pigs used were killed and examined 48 hours, 10, 17, 35, and 
51 days after experimental infection. 

INFECTION EXPERIMENTS 

TEST 1 

In order to determine the approximate time required by the larvae 
of Oesophagostomum longicaudum to reach the colon and penetrate 
the intestinal mucosa, the first post-mortem examination was made 
48 hours after experimental infection. Numerous petechial hemor- 
rhages were found in the mucosa of the caecum and large intestine. 
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Each petechial area, when examined under the microscope, appeared 
to be slightly elevated above the smToimding tissue, thus forming a 
nodule wMch contained a depressed area located centrally in the 
nodule. An early third-stage larva, inclosed in what appeared to be 
a connective- tissue cyst, was found in each lesion examined. Stained 
sections of these small nodules showed that the cysts, which were 
located either in the mucosa or submucosa, were surrounded by areas 
of intense inflammation with extensive licpiefaction of the tissues, 
particularly between the cysts and the lumen of the intestine. (Fig. 1 .) 
On close examination the cyst walls did not appear to be composed 
of connective tissue but of a rather tough, somewhat elastic, smooth, 
homogeneous substance, shoving neither striations, nuclei, nor any 
other indication of cellular organization. In later stages of infection 
fibroblasts could easily be distinguished clinging to the outside of 



tomum longicaudurn 48 hours after exi>erimental infection. X 600 

the cyst walls. As is shown later, even in the case of empty cysts 
taken from an animal killed 17 days after infection, the cyst walls 
could easily be distinguished from the surrounding connective-tissue 
growth by the lack of celluiar organization of the former. 

The formation of the cysts may perhaps be due to a process similar 
to that described by Feng (1) in the case of cyst formations in the 
hedgehog, caused by Physaloptera clausa. Around the anterior end 
of this parasite, Feng observed a liquefaction of the host tissues, 
resulting in a hoinogenous zone where the nuclei failed to stain and 
the borders of the cells were not visible, a condition resembling some- 
what the caseous zone caused by the action of tubercle bacilli. It 
may be that a somewhat similar process takes place in Oesophagosto- 
mum longicaudum infections. As the larvae penetrate the mucosa 
of the colon an extensive liquafaetion of tissues occurs. The resulting 
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acciiniulation of serum, fibrin, and perhaps the remains of partly 
destro 3 md cells majr undergo a process of coaguiative necrosis result- 
ing in a cystlike homogenous zone surrounding the parasite. 

In addition to encysted laryae, a small number of third-stage 
Oesophagostomuin larvae, which presumably had failed to penetrate 
the mucosa, were recovered from the lumen of the large intestine. 


TEST 2 

Ten days after infection of a second pig, post-morteni examination 
of the animal was made to determine the condition of the nodules 
and the degree^ of development which the parasites had attained 
dining that period. Nodules raised approximately to a height of 2 
mm above the surface of the mucosa and about 5 mm in diameter, 



Pjgube 2. Section through wall of large intestine, showing a oyst containing a larva of Ofm'tihn. 

ffosfowum lonfi-icajidam 10 days after experimental infection. X 180 d 

with a central depressed area and a surrounding inflammatory zone 
were found m the caecmn and large intestine of this animal. In tress 
prepaiations, late third-stage larvae incased in cysts of a much larger 
size^ than those found in the earlier stage of infection could be seen 

freeiv^mtvqTlp^^ ^*’ cysts, inside of which the parasites were 
Ireely mo\ able, could be easily dissected out of the nodules As 

determined m the course of dissection, the cyst walls were toimh and 
aomewhat elastic, with connective-tissue fibers clinging to tho outer 
wafls. In sections an extensive destruction of tissue could be seen 
£ nodules, resulting in what appeared' to 

surrounding the® cv?t connective-tissue cells 
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As in test 1, no evidence conld be found in test 2 which pointed to 
a connective-tissue origin of the cyst, the walls being* easily distin- 
guished from the surrounding fibroblasts. As can be seen in Figure 2, 
the cyst had ruptured in a nuinber of places, perhaps because of 
pressure by the growing parasite, the gaps being filled, not liy con- 
nective tissue, l)ut by a substance resembling coagulated serum and 
fibrin. No appreciable change in thickness of the cyst wall was 
noted, the increase in size of the parasite perhaps being taken care of 
by the rupture and subsequent repair of the cyst wall. 

No parasites were found in the lumen of the intestine of this animal. 

TEST 3 

On post-mortem examination of a pig 17 days after experimental 
infection, many fourth-stage larvae and early fifth-stage (mature) 
parasites were found in the lumen of the caecum and colon. Nodules 
from which the parasites had escaped were less inflamed, for the most 
part, and smaller than those that still contained larvae. A photo- 
micrograph of a section through an empty nodule is shown in Figure 3. 



Figure 3.— Empcy cyst produced by Oesop/iaffoMomumlonffkaud'im 17 days after expenmentalmfeC” 
tion. Arrows point to rupture in cyst wall. X 180 


The cyst wall is broken, apparently having been ruptured when the 
parasite emerged from it to enter the lumen of the intestine. After 
the emergence of the larva the cyst apparently became filled with 
leucocytes, and the process of absorption of the cyst wall and its 
replacement by connective tissue, together with the regeneration of 
glandular tissue, was begun. 

TEST 4 

In a pig examined 35 days after infection, and approximately IS 
days after the parasites had begun to enter thelumen of the intestoe, 
the elevated and inflamed condition of the nodules had almost com- 
pletely disappeared. In the animal examined post-mortem after this 
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interval, no raised nodules were found, the intestine being dotted with 
small areas of scar tissue which marked the location of the nodules in 
the earlier stages of the infection. Figure 4 shows a photomicrograph 
of a section through a nodule from a pig 35 days after experimental 



riGUBE 4.-~Transvers8 section thi'ough a nodule in the colon of a pig 35 days after experimental infec- 
tion with Oesopnagostomum longicaudum showing the replacement of the cvst hv connective 
tissue. Arrow shows area where cyst was located, X 180 • * 


infection. The cyst wall seems to have been completely absorbed, 
and only a mass of connective tissue, a few leucocytes, and an occa- 
sional giant cell remained to mark the location of the nodule. 


TEST 5 

^ Three pigs were kept to determine the length of time required for 
development of Oesophagostomum longicaudum to fertile maturity. 

flotation technic and the charcoal culture 
method, the feces of each animal were studied every day, beginning 
the twenty-fifth day after experimental infection.' In two of the 
ai^ds, eggs were &st noted in the feces 50 days after experimental 
infectmn. Charcoal cultures of the feces made at this time yielded 
infective Oesophagostomum larvae in seven days when the cultures 
temperature in August. On post-mortem examina- 
tion of the colon of one of these ammais, numerous gravid females 
were found 51 days after infection. In the third animi, Oesophagos- 
tomum ova did mot appear in the feces until the fifty-third day after 
e.xpenmental mfection. ^ v.i unj- aiun 


Mar. 15, 1933 


Development oj the Nodular Worm in the Pig 


537 


DESCRIPTION OF LARVAE 

THIRD-STAGE LARVAE 

Since the first and. second stages of the larvae are preinfective, 
occxirring outside the pig^ the present investigation was begun with 
larvae in the third stage, which is the stage in which they enter the 
host. No parasitic larvae of this stage were recovered from any of 
the animals examined post-mortem during these experiments, with 
the exception of those noted in connection with test 1. These had 
not progressed, however, beyond the stage of free-living infective 
larvae. The free-living third-stage (infective) larvae were found to 
be similar in appearance and size to the corresponding stage of 
Oesophagostomum dentaturn as described by Goodey (^). The infec- 
tive larvae of Oesophagostomum longicaudum varied from 645 to QBSfi 
in length and were approximately SOpc wide. These ineasurements 
include those of the sheath. 

The infective larva lies free within the sheath, usually with the head 
pressed closely against the anterior end of this investment. The head 
resembles a truncated cone and has a terminal depression in which 
the mouth is located. The diameter of the esophagus is approximately 
the same throughout its length. The intestine, like that of Oesopha- 
gostomuin dentatum, is composed of 16 cells, 8 on each side. These cells 
are filled with granular substances, the amount of which seems to 
decrease with the age of the larvae. 

FOURTH-STAGE LARVAE 

On post-mortem examination of a pig 17 days after experimental 
infection, fourth-stage larvae were found both free in the lumen of the 
intestine and in the act of emerging from the nodules. Considerable 
variation was observed not only in size and degree of development, 
but also in the proportion of length to width of these larvae. The 
smallest female measured was 2.7 mm long and 306iU in maximum 
width; the largest larva was 5.5 mm long and 288/4 in maximum 
width. The males were as a rule smaller than the females, the small- 
est form being 1.9 mm long and 225/4 in maximum width; the largest 
male was 4.2 mm long and 257/t in maximum width. Measurements 
of fourth-stage larvae are given in Table 1. 

Table 1. — Measurements ^ of foiirih-stage larvae of Oesophagostomwni longicaudum 


Measurements of female No. — 


Item j 

1 

2 

3 

.4 i 

5 

6 

7 

8 

'.9, 

10 

Length of body 

5. 5 

4.4 

3.9 

3.5 

3.7 

' 3.6 

3.3 

3.3 

3.0 

2,7 

Length of esophagus 

270 

293 

234 

261 

266 

252 

221 

270 

239 

239 

Length of buccal capsule.^ 

Distance from excretory pore to anterior 

36 

36 

36 

36 

36 

36 

36 

36 

;■ 27 

36 

end - 

158 

162 

144 

136 

149 

149 

176 

144 

135 

135 

Distance from vulva to anus, . 

198 

270 

220 

203 

212 

220 

216 

203 

220 

212 

Length of tail.. 

Distance from vulva to anterior end of 

252 

360 

270 

333 

279 

279 

311 

■ 275 

270 

279 

reproductive system . . . . 

477 

887 

297 

368 

90 

198 

522 

293 

103 

190 

Maximum body width 

288 

306 

288 

329 

266 

297 

221 

243 

261 

288 

Maximum width of esophagus 

68 

68 

68 

64 

63 

72 

68 

90 

50 

90 

Maximum width of buccal capsule 

41 

41 

41 

41 

41 

41 

41 

41 

32 

"41 

Body width at excretory pore 

126 

162 

153 

113 

126 

131 

113 

117 

113 

113 

Body width at vulva 

144 

176 

148 

136 

144 

135 

113 

126 

135 

14S 

Body width at anus...... 

68 

81 

72 

77 

77 

72 

86 

72 

72 

72 


« Measurements of body length are in millimeters; all other measurements are in microns. 
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Table 1. — Measurements of fourth-stage larvae of Oesophagostoimim longicxvii- 

duni — Continued 


IMeasurenients of male No. — 


Iterii 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Length of body, 

4.2 

3.S 

3.6 

3.4 

3.4 

2. 9 

2. 6 

2.6 

2. 6 

1. 9 

Length of esophagus 

2S4 

270 

252 

252 

270 

248 

293 

248 

284 

270 

Length of buccal capsule. 

3G 

36 

32 

32 

32 

36 

32 

36 

36 

32 

Distance from excretory pore to anterior 
end 

203 

149 

149 

158 

131 

99 

11.7 

144 

140 

122 

I^ength of tail 

149 

! 153 

15S 

153 

! 167 

140 

1 158 

135 

122 

1 167 

Distance from anus to anterior end of 
reproductive system 

L 340 

1,200 

234 

1, 370 
: 261 

1, 300 

t 

1, 100 

1, 179 

1, 013 

L 022 

810 

i 

1 900 

Maximum body width. 

25" 

243 

243 

239 

279 

210 

252 

225 

IMaximiim width of esophagus 

68 

: 72 

' 68 

68 

63 

54 

! 68 

63 

54 

68 

Maximum width of buccal capsule 

41 

41 

36 

36 

36 

41 

36 

41 

41 

36 

Bodv width at excretory pore.. 

117 

1 113 

131 

122 

113 

135 

122 

99 

99 

126 

Body width at anus 

90 

90 

, 99 

90 

104 

99 

81 

[ 81 

59 

77 


! 






As was observed by Goodey (5) for Oesophagosiornutn dentatmn, 
there is a marked difference in the tails of the two sexes, the female 
tail being long and tapering gradually, whereas that of the male is 
short and taiWs more abruptly. Both sexes are provided with a 
provisional buccal capsule which is slightly broader than long, the 
difference between the width and length being about in both sexes. 
(Table 1.) The wails are thick and heavily cuticiilarized. (Fig. 5.) 
Anteriorly each side of the buccal capsule narrows down to a point 
projecting inward. Posteriorly, after swelling out at first, each nar- 
rows to two conical points rather than to one point, as featured by 
Goodey for Oesophagostomurn dentatum. These points are directed 
inward and apparently rest on a heavily cuticularized portion of the 

anterior end of the esophagus, A 
single, pointed tooth, apparently 
arising from the floor of the buccal 
cavity, projects into the cavity on 
the dorsal side.^ Morphologically the 
esophagus is similar to that of the 
adult, being more or less swollen at 
each end. The intestine and rec- 
tum are adult in appearanc'C, and 
the three rectal glands can be seen 

rjoiTRE 5.— Anterior end of fourth-stage larva of in both SeXBS in the vicilUty of the 

junction of the intestine andVectum. 

A considerable variation in the 
degree of development of the genitalia of the female specimens was 
observed. The vagina appears to be formed from a mass of cells, 
probably ectodermal in origin, lying ventral to the ovejector appa- 
ratus, which is similar in shape to that of the adult worm. In the 
yomigest forms studied, the vagina had not opened to the outside. 
In the larger, naore developed forms the vulva had become visible, the 
opening extending through the cuticle of the worm. From the ovejec- 
tor apparatus two rows of cells could be seen extending anteriorly to 
a distance of 90/i in the youngest specimen and 887ft in the oldest 
specimens. Figures 6 to 8 show some of the stages in the development 
of the female genitalia of this parasite. 
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The development of the reproductive system of the males of the 
fourth stage was rather difficult to follow. In all the specimens 
examined, "a long band of cells could be seen lying dorsal to the 
rectum in miicli the same position as the spicules of the adult worm ; 
these cells are probably the precursors of the spicules and giiber- 
naculimi. (Fig. 9.) The details of the formation of the male genital 



P I iJ RE 6 Poster ior 

end of female fourtli- 
stage larva of Oesoph^ 
agosto miL m longka a- 
dmn showing an early 
stage in the develop- 
ment of the posterior 
portion of the repro- 
ductive system 



Figure 7. —Poster ior end 
of female fourth-stage 
larva of Oesophagosto- 
mnm longkaudurn show- 
ing a later stage in the 
development of the pos- 
terior portion of the re- 
productive system 



Fkiure 8.— Posterior end of 
female fourth-stage larva of 
Oesophagofitomum longka u- 
dum showing the posterior 
end of the reproductive sys- 
tem in a late stage of develop- 
ment 


apparatus were not fully ascertained. As in the case of Oesophagosto^ 
mum dentatum, a single band of cells could be seen on the ventral 
side stretching posteriorly from near the genital primordium to a 
point near the anus, where it turned and extended anteriorly again. 

In the specimens studied, the developing bursa could be seen only 
in outline, its position being dorsolateral to the rectum. The bursal 
rays could not be clearly distinguished in any of the specimens of the 
fourth stage which were examined. However, two rows of clear 
spaces resembling vacuoles could be seen dorsolateral to the rectum; 
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the bursal raj^^s were apparently formed from the tissue lying* between 
these clear spaces. Figure 9, which is a camera lucid a drawing ol: 

a developing bursa, gives as much detail as it vuis 
possible to make out in an examination ot an entire 
specimen. 

FIFTH-STAGE (ADULT) WORMS 

Owing to the fact that only two larvae were found 
undergoing the fourth, or final, molt, the transition 
from the fourth to the fifth stages could not be definitely 
traced. The material of the definitive buccal capsule 
appears to be laid down in the space between the 
outer border of the provisional buccal capsule and the 
anterior end of the esophagus. The circiimoral papillae 
appear to be formed in spaces near the middle of 
the promsional buccal capsule. The beginnings of the 
internal leaf crown, together with indications of the 
external leaf crown, can be seen on the anterior border 
of the developing definitive buccal capsule. Owing 
to the thickness of material and the large amount of 
debris through which it was necessary to focus, the 
exact nature and the relative positions of the adult 
characters w^ere diffi- 
cult to discern. Fig- 
ure 10, which is^ a 
camera lucida drawing 
of a worm in an early 
stage of the fourth 
ecdysis, gives as much 
detail as it was possi- 
ble to see. At the base 
of the buccal capsule, 
on each side, can be 
seen a mass of ciitic- 
ularized material 
which is probably the 
developing definitive 
buccal capsule. On its 
anterior border the 
rudiments of the in- 
ternal leaf crown can 
be distinguished. 

In the late fourth 
stage of development 
the female reproduc- 
tive organs have much 
the same form as in the 
adult stage, the princi- 
pal change at molting apparently being that of size. (Tables 1 and 2.) 

^ As no males w^ere discovered in the process of molting, no descrip- 
tion of changes in the male characters can be given. 





§ 


Figure 10. — ^Late fourth-stage larva of Oesophagostornum [ongkau- 
dumf showing provisional buccal capsule together with the devel- 
oping adult buccal capsule and the internal and external leaf crowns 



Figure 9.--Poste- 
rior end of early 
fourth-stage male 
larva of Oesopha- 
{jodomum Umgi- 
caudum 
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Table 2. — Measurements^^ oj fifth-stage worms of Oesophagostomum longicaudum 





Measurements of female Xo 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Length of body- 

7.8 

6.8 

5. 6 

4.5 

3. 7 

3,3 

4.1 

5.1 

2.8 

2.5 

Length of esophagus.. 

391 

396 

423 

432 

387 

396 

404 

383 

400 

378 

Length of buccal capsule... 

22 

•17 

17 

17 

22 

17 

22 

17 

17 

17 

Distance from excretory pore to anterior 
end 

168 

142 

180 

180 

189 

142 

142 

215 

185 

180 

Distance from vulva to anus 

357 

267 

396 

258 

361 

245 

387 

245 

387 

387 

Length of vagina 

146 

135 

135 

176 

116 

135 

135 

73 

135 

73 

Length of ovejector ax)paratus 

219 

151 

206 

237 

151 

151 

198 

151 

241 

151 

Length of tail 

487 

482 

351 

360 

243 

318 

353 

312 

430 

306 

Maximum body width 

366 

280 

288 

270 

252 

280 

344 

267 

318 

252 

Maximum width of esophagus 

139 

112 

108 

126 

108 

90 

120 

90 

112 

90 

Maximum width of buccal capsule 

69 

65 

65 

65 

65 

65 

65 

69 

65 

65 

153 

Body width at excretory pore — 

186 

163 

162 

144 

153 

155 

172 

135 

176 

Body width at vulva 

224 

219 

172 

144 

135 

144 

172 

112 

163 

198 

63 

Body width at anus 

112 

116 

90 

99 

90 

56 

73 

73 

86 

Distance from vulva to anterior end of re- 
productive system 

1,022 

1, 853 

1, 853 

2,788 

2, 210 

1, 853 

2,210 

267 

787 

787 




Measurements of male No.— 




•W-J 











item 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Length of body 

7.7 

6.9 

6.5 

5.8 

5. 5 

5.4 

4.9 

4.7 

6.3 

4.3 

Length of esophagus 

373 

378 

377 

377 

361 

391 

353 

370 

374 

374 

Length of buccal capsule 

22 

13 

22 

17 

17 

17 

22 

22 

17 

22 

Distance from excretory pore to anterior 
end... 

164 

181 

181 

168 

181 

176 

146 

133 

176 

163 

Maximum body width 

308 

292 

361 

280 

318 

249 

206 

228 

391 

224 

Maximum width of esophagus 

103 

108 

108 

103 

120 

99 

99 

99 

113 

103 

Maximum width of buccal capsule 

69 

65 

73 

60 

65 

65 

65 

69 

65 

69 

Body width at excretory pore 

148 

163 

172 

155 

172 

138 

155 

133 

168 

142 

Body width at anus 

127 

146 

155 

181 

155 

125 

133 

116 

155 

99 

Distance from anus to anterior end of 
reproductive system 

4,318 ■ 

4,420 : 

3, 869 

3, 366 

2, 727 

3,332 

2, 890 

2, 601 

4,420 

1,904 

Length of gubernaculum. 

107 

99 

108 

90 

95 

86 

103 

108 

90 

86 

Length of spicules 

787 

851 

817 

817 

817 

817 

830 

839 

839 

774 


« Measurements of body length are in millimeters; all other measurements are in microns. 


SUMMARY 

Experiments designed to trace the deyelopment of the swine nodular 
worm, Oesophagostomum longicaudum in its definitive host, were 
carried out by feeding pure cultures of infective larvae of this parasite 
to pigs raised free from nodular worms. 

Forty-eight hours after experimental infection, encysted third-stage 
larvae were found in the colon of the infected animal; the cysts were 
surrounded by areas of intense inflammation with liquefaction of 
tissues. 

In sections the cysts, the exact nature of which has not been 
definitely determined, appeared to be composed of a smooth homo- 
geneous substance containing neither striations nor nuclei, and easily 
distinguishable from the surrounding tissue. 

Inflamed nodules were found in the colon of an animal which had 
been infected 10 days prior to post-mortem examination. 
the nodules the parasites were inclosed in cysts which were much 
larger than those found in the earlier stages of infection. The cyst 
walls appeared to be of the same composition as those observed in the 
earlier stages of infection and were easily distinguishable from the 
surroundiiig fibroblasts. No decrease in thickness of the cyst walls 
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was noted, tlie increase in diameter of the cysts apparently being- the 
result of riipture by the parasites, followed by subsequent repair. 

On post-mortem examination of an animal 17 days a.fter infection, 
foiirth-stage larvae and early fifth-stage woi*ms were recovered from 
the lumen of the caecum and large intestine. Late foui-tli-stage 
larvae were found in the nodules and in the act of emerging from tlie 
nodules, a fact which indicated that the larvae enter tlie lumen of the 
colon ill the late fourth or early fifth stage of development. Nodules 
from which the parasites had emerged were smaller and less inflamed 
than those that still contained larvae. In sections, the cysts inside 
the empty nodules were seen to be broken, apparently having been 
ruptured by the parasite when it emerged. 

After the emergence of the parasites, the nodules which at first 
were highly inflamed and contained a central necrotic area, appeared 
to deci'ease in size and in degree of inflammation. At the end of 35 
days the nodules had almost completely disappeared, their location 
being marked, in section, by masses of connective tissue, leucocytes, 
and giant cells. 

Sexual maturity, as indicated by the appearance of eggs in the feces 
of experimentally infected animals, was reached by the parasites in 50 
to 53 da^T's after infection. 

A brief description is given of the larval stages recovered from the 
intestines of infected animals. 

LITERATURE CITED 

(1) Feng, L. C. 

1931. STUDIES ON TISSUE LESIONS PRODUCED BY HELMINTHS. Arcll 
Schiffs u. Tropen Hyg. 35(1) :1-10. 

(2) Goodey, T. 

1924. THE ANATOMY OP OESOPHAGOSTOMUM DENTATUM (RUD.) A NEMATODE 

PARASITE OP THE PIG, WITH OBSERVATIONS ON THE STRUCTURE 
AND BIOLOGY OP THE FREE-LIVING LARVAE. Jour. HellUintllOl 
2:1-14, ill US. 

(3) 

1925. OESOPHAGOSTOMUM LONGICAUDUM N. SP. FROM THE PIG IN NEW 

GUINEA. Jour. HelminthoL 3:45-50, illiis. 

(4) ^ — ~ 

1925. OBSERVATIONS ON CERTAIN CONDITIONS REQUISITE FOR SKIN PENE- 
TRATION BY THE INFECTIVE LARVAE OP STRONGYLOIDES AND 
_ ANKYLOSTOMES. Joiu. Helminthol. 3:51-62. 


1926. SOME STAGES IN THE DEVELOPMENT OF OESOPHAGOSTOMUM DENTATUM 

o from THE PIG. Jour. Helminthol. 4:191-198, illus. 

(6) Schwartz, B. 

1925. GEOGHAPHICAL DISTRIBUTION OP OESOPHAGOSTOMUM UONGIGAUDUM 
Jeur. FarasitoL Helminthol. Soc. Wash. Proc. 12:113. 

1931. NODULAR WORM INFESTATION OP DOMESTIC SWINE. Vet. MeJ 
26; 411-415, illus. 



SOME SUMMER-WOOD PERCENTAGE RELATIONSHIPS IN 
THE SOUTHERN PINES > 


By J. Elton Lode WICK 2 

Silvicidturist, Pacific Northwest Forest Experiment Station, Forest Service, United 
States Department of Agriculture 

INTRODUCTION 


Summer wood, or that portion of the annual ring of wood formed in 
the latter part of the growing season, has a larger proportion of cell- 
wall substance per unit of volume than does the remainder, or spring- 
wood portion, of the ring. This imparts density to the timber and 
influences its uses. Many of the properties of wood can be correlated 
with its density as expressed by its specific gravity. Newlin and Wil- 
son {12y have presented such mathematical correlations in great 
detail. Additional correlations might include qualities of value in 
the production of wood pulp, such as yield, cellulose content, power 
and chemical consumption, and paper strength. The fact that the 
proportion of summer wood varies greatly has long been recognized, 
but the cause and effect and extent of these variations have had little 
attention from investigators. Yet this information is important for 
the most effective growth and utilization of timber. 

In most of the investigations to date little has been attempted be- 
yond the establishment of a correlation between width of summer 
wood, specific gravity, and rate of growth. Hartig (6) apparently 
was the first to show that the specific gravity of wood is influenced by 
the proportion of summer wood. Janka (7), working with larch, 
reached the same conclusion, but he claimed further that there was no 
relationship betw'een rate of growth and specific gravity. Hale and 
Fensom (5, p. 18) state that “there is a tendency for white spruce with 
narrow rings to be heavier than wood with wide rings * * *.” 

Klem (9) likewise points out that ring width is not correlated with 
specific gravity, especially if the wood comes from different regions 
with dissimilar growing conditions. He maintains, however, that the 
specific gravity of the wood increases as the percentage of summer 
wood in the ring becomes greater. Cieslar (S) noted that in spruce 
the higher specific gravity was found in wood which contained the 
greater ratio of summer wood to spring wood. Certain other of his 
conclusions, as presented later in this paper, indicate that he recog- 
nized a relation between rate of growth and density of wood. Paul 
(13, p. l2) went somewhat farther than the others in his conclusion; 


Both very wide and very narrow rings in conifers usually contain a large pro- 
portion of the spring-wood layer, so that in these species wood representing either 
extreme of growth may be low in specific gravity. The wood of intermediate 
growtlx is usually the heavier. 


1 Received for publication June 6, 1932; issued April, 1933. 

' is indebted to B. II. Paul, of the U. S. Forest Products Laboratory, for the material which 

investigation possible, and to Arthur Koehler, of the same laboratory, for his helpful criticisms 
of the paper. 1 he firet of the curves was fitted by the class in advanced mat hematics at Virginia Poly- 
technic Institute m the spring of 1930. Dean J. E. Williams was especially helpful in dicussing and inter- 
preting the curves, as well as m offering suggestions during the writing of this paper. 
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That the specifi,c gravity of the- wood of any one species is not neces- 
sarily dependent upon the percentage of summer wood is well known. 
The "nature of the summer wood must be taken into consideration, as 
is pointed out by Koehler {10, p. ISl), who emphasizes the fact that 
^The summer wood itself may vary considerably in densityd^ The 
radial diameter of the cells (tracheids) in conifers and the thickness of 
the walls are the main factors influencing the density of this portion 
of the ring. Adams {1) notes that “the width of the annual ring is 
dependent upon size as well as number of tracheids. As tracheids 
increase in radial diameter, the thickness of their walls decreases, lead- 
ing to a greater lowering of the density than would be anticipated, 
from the increase in tracheid size alone. In addition, the density of 
the cell wall itself may vary to an appreciable degree, depending upon 
the amount of infiltrated" materials. All of these factors militate 
against an unvarying correlation between specific gravity and the per- 
centage of summer wood in the ring, but this percentage appears to 
be the simplest method of determining relative differences in the spe- 
cific gravity of some species of wood. It is deemed a sufficiently 
reliable index of density to justify the methods used in this investi- 
gation. 

Many investigators have shown, as stated by Paul {13, p. 1), that — 

the specific gravity 4* * * niay be modified by coatrolliiig local factors whicli 

affect the growth" either of forest stands or of individual forest trees, so that it 
becomes possible, within natural limits, to regulate the specific gravity of wood 
according to the particular use in view. 

Paul has shown that trees on burned areas and those on sandy sites 
consistently produced wood of low specific gravity. The density of 
stocking was likewise a factor in the weight of wood, since open-grown 
trees produced lighter wood than crowded ones. Other investigators 
have found similar effects resulting from density of stocking. Cieslar 
(S) stated that rapidly growing dominant spruces produced wood of 
lower specific gravity than did codominant trees in the same stand. 
But the suppressed or crowded trees were not so consistent. In one 
instance the wood was higher in density and in another was cornpara- 
ble in specific gravity to that in the dominant trees. Bray and Paul 
(<§) reported that the specific gravity of longleaf pine wood from trees 
of slow growth averaged 8 per cent higher than that of similar portions 
of rapid growth, and that, in the same stand, the unit weight of wood 
increased as the rate of grovcth decreased because of density of 
stocking. 

That the distance aboveground exerts an influence on specific gravity 
is likewise evident. Bray and Paul (^) found that the wood of top 
logs of a medium rate of growth had a lower specific gravity than did. 
any of the butt wood, regardless of its rate of growth. Hale and 
Fensom {S), on the other hand, noted an increasing density of white 
spruce wmod with increased height aboveground, especially in levels 
above 30 feet. They suggest, however, that this may be specific for 
spruce in view of the results obtained by Sterns {15). This author 
noted a steady decrease in specific gravity in Douglas fir from the butt 
to the top of the tree. 

Paul and Marts concluded, as a result of three years^ experi- 
ments with the effect of irrigation and commercial fertilizers on long- 
leaf pine, that there w^as a fairly close correlation between ciirrent 
water supply and the formation of summer wnod, that without irri- 
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gatiion a complete fertilizer increased the rate of diameter growth 
because of increases in the spring- wood zone, and a nitrate fertilizer 
produced diameter increases which were more evident in the summer 
wood than in the spring wood. Thus it seems to be established that 
the specific gravity of conifer woods is definitely affected by various 
factors, among them being position in the tree, density of the stand, 
and local site factors, such as soil and soil moisture. The present 
investigation was designed to show in more detail how the variation, 
in the percentage of summer wood, which is responsible for the greatest 
variations in specific gravity, is brought about. 

SOURCE OF MATERIAL 

The longleaf pine (Pinus palustris Mill.) material upon which the 
greater part of this investigation is based was furnished by the United 
States Forest Products Laboratory. It had previously been used in 
another investigation by Bray and Paul p. ISS), and the following 
description is taken from their paper: 

The stand selected for study is located near Walnut Hill, Escambia County, 

■ Fla., in a former clearing which, according to local residents, was used for farm 
crops until 35 or 40 years ago. The age of the trees, as shown by the number of 
annual growth rings on the stumps, ranged from 30 to 35 years. ' The number of 
trees per acre varied from 300 or less in some places to about 1,300 in others. The 
material for this study was obtained from different portions of an area not exceed- 
ing 10 acres in extent. This area, comprising the summit of a low, rolling hill, 
was fairly level. The conditions of topography, soil, and other visible growth 
factors, except the number of trees per acre, were similar throughout the plots 
from which the pulpwood samples were cut. 

Representative plots from which the wood samples were to be cut were staked 
out in areas containing approximately 350, 600, and 1,200 trees per acre, 
respectively. 

The trees in the plot containing 350 trees per acre ranged in breast- 
high diameter from 4 to 14 inches with an average of 8 inches. The 
trees from the plot with 600 trees per acre ranged from 3 to 10 inches 
in diameter with an average of 6.4 inches. Trees from the densely 
stocked plot ranged from 2 to 9 inches with an. average diameter of 
4.4 inches. 

The loblolly pine {Pinus taeda L.) material was also furnished by 
the forest products laboratory. One group (No. 1326) carne from 
Windsor, N. C., and another (No. 1324) from Franklin, Va. These 
were removed during logging and milling studies, and the density of 
stocking was not recorded. Since the trees in each group were about 
the same age, differences in diameter would be indicative of the amount 
of growing space available. The loblolly pine from each locality was 
accordingly sorted into two groups. The trees of small diameter were 
considered as representative of close spaeing in the stand, and, 
conversely, those of large diameter were considered as representative 
of a more open stand. 

PROCEDURE 

The rings on each section were measured to the nearest hundredth 
millimeter along a radius from the outside toward the center. A 
measuring device designed and constructed in the Division of Forest 
Insects of the United States Bureau of Entomology was used, and 
the measurements were made continuously from the outside toward 
the center. In this way any error in measurement or computation 
could be detected. All curves were fitted by the method of least 
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squares. When two ciuwes might appear to fit the ^ experimental 
points the one selected was that in which the algebraic sum of the 
squares of the residuals most nearly approached zero. In no instance 
were the ciirves adjusted in any way. 

VARIATIONS IN THE TWO PORTIONS OF THE ANNUAL RING 

The percentage of sumnierw'ood in any one growth ring is the 
resultant of variations in either or both the spring wood and the 
summer wood. Thus the variations in the proportion of siunmer 
wood dependent upon stocking, position in the tree, and other factors 
can be interpreted only in relation to the corresponding variations in 
the width of the ring as a whole. 

RELATION BETWEEN SUMMER- WOOD WIDTH AND RING WIDTH 

No references to the relationship between either summer-wnod or 
spring-w^ood width and total ring width have been found, except the 



Figure 1.— Relationship between summer-wood width and ring width in longleaf pine at breast 
height in a stand with 350 trees per acre. Points for the eight inner rings represented by circles, for 
rings outside of the eighth by dots, and for the four innermost rings by crosses within circles. The 
small numerals indicate identical points 

following statement by Forsaith (4, p. 88 ) : '^In coniferous species the 
summer wood is constant in respect to width and such variations as 
do occur are largely confined to the spring-wood portion of the ring”; 
and the statement by Paul p. 16) which has already been quoted. 

Tn Figure 1 the summer-wood width has been plotted over ring 
wddth for the breast-high sections of longleaf pine with a density of 
350 trees per acre. If all of the points are considered, the line around 
w-Hch they group is determined by the equation ?/= “"0.05 + 0.652x 
“ 0.041a;l In other w^ords, it is a parabola which is concave downward. 
In this equation y represents the width of the summer wood and the 
width of the annual ring. 

^ The genenal relationship established above for the breast-high se(‘,- 
tions likewuse holds for all of the heights studied in the same trees 
and for the breast-high sections of longleaf pines from the same tracd*., 
but which w^ere grown under different degrees of stocking in the 
^and. The equations for these other sections are presented in 
Table 1, and the curves in Figure 2. The relation between summer- 
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wood width and ring width in loblolly pines from eastern North Caro- 
lina and Virginia is expressed by similar curves. (Fig. 3.) Thus it 



Figure 2.— Relationship between summer-wood width and ring width in longleaf pine when all rings 
on any cross section are included. In the curve designations, the number indicates the number of 
trees per acre in the stand, and the letter the height above ground, as follows: A, Stump height: 
B, feet; C, 814 feet; D, 12J-'2 feet; E, 161^ feet 



Figure 3.~-Relationship between summer-wood width and ring width in loblolly pine, w^hen all 
rings on the cross section 16 feet above ground are included. No. 1326 from Windsor, N. 0., and 
No. 1324 from Franklin, Va. “Fast’* indicates light stocking in the stand, and “slow” indicates 
heavy stocking 


is to be expected that a parabola which is concave downward might 
express the relationship at any height in the southern pines. 


Table 1.- — Equations expr^essing the relationships between ring width and the spring-- 
wood width, sunnmer-wood width, and percentage of summer wood 


Designa- 
tion “ 

Height 

above 

Equations for width of all rings, over ring width 

Equations for width of all but 

8 inner rings, over ring width 

ground 

Spring wood 

Summer wood 

Spring wood 

Summer wood 

36()-A,... 

Feet 

1. 5 

063+0. 447Z+0, OIU^ 

2/=-0. 084+0. 642 -0. 031x2 

2/=0. 45X+0. 08 

y^O. 50X+0. 07 

;150-B,„- 

4.5 

.232+ .2652:+ .04722 

2/= - . 05+ . 6522-. 041x2 

y— .55x— . 13 

i/= .42x+ .23 

350-0-.-, 

8. 5 

y^ . 634+ . 0912+ . 07x2 

.26+ .7x- .049x2 

. 50x+ . 17 

y= .42x+ .07 

350-D... 

12.5 

.35+ .2642+. 056x2 

y~— .24+ .692— .054x2 

y= .59x- ,07 

.36x+ .19 

350-E— - 

16. 5 

y~ . 354+ . 3152+ .049x2 

.06+ .542- .035x2 

y= .61x— .04 

.33x+ .21 

1200-B.._ 

4. 5 

.27+ .0312+. 14x2 

.42+ .652-. 086x2 

y— .54x— .09 

y=^ ,35x+ .25 

600-B-.. 

4. 5 

y^ . 305+ .2012+ .061x2 

y = . 334+- . 371X-. 003x2 

y== .4Sx+ .09 

: |/= .46x+ .14 

1326-F-.. 

16 

.481+ .2052+ .079x2 

y= .22+ .4022-. 039x2 

y— .69x— .22 

. 27x+ . 285 

1326-S._. 

16 

y= .45+ .1762+ .068x2 

2/= .16+ .4092-. 05x2 

y^ . 64x— . 1 

y^ . 282+ . 216 

1324-F,-_ 

16 

.996- .0712+ .115x2 

2/=- .117+ .642X-. 078x2 

y- . 65x— .08 

|/= .312+ .2 

1324~S-.. 

16 

2/=^ -.08+ .6272+ .0:19x2 

2 (=- .03+ .5492- 087x2 

, 71x- . 12 

1 

y^ .132+ . 38 


« Sections 350, 600, and 1,200 are of longleaf pine grown in Escambia County, Fla.; the section numbers 
indicate the number of trees per acre in each stand. Sections 1326 and 1324 are of loblolly pine, the former 
grown in Windsor, N, C., the latter in Franklin, Va.; designation “F” signifies fast-growing, lightly 
stocked stand; “ S”, slow-growing, heavily stocked stand. 

169890 — 33—5 ; ' 
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Table 1. — Equations expressing the relationships hetween ring loidth and the spring- 
wood width, summer-wood width, and percentage of summer wood Coritiiiiied 


Designa- 

tion 

Height 

above 

ground 

EQiia!:ion.s for width of inner 8 rings, over ring width 

Equations for summer- 
wood percentage, over 
ring width 

Spring wood 

Summer w'ood 

350-A 

Feet 

1. 5 

!/= 0.57g+0.36 

y— 0. 403:+0. 15 

y = 52. 83 - 0. 28S:r - 0. 146;r2 

350-B 

4. 5 

7/ = — . 1 7 4- . 51 7j:+ 0. 027jr2 

1.75- .0453'+0. 0133:2 

y = 55. 26 — . 67 (to — . 3 1 13:2 

350-C 

1 S. 5 

y- 1.39- .039i:-!- .0763:2 

y= . 0S5+. 63 :- . 0413:2 

7 / = 51. 60- 1.483:- .KoN 

350-D 

1 , 12. 5 

V= .30-f .36r+ .0453:2 

y= . 60+ . 793 :- . 0613:2 

7 / = 50. 00— 1. 3093:— .2393:2 

350-E 

i 1 6 . 5 

7/= .09+ .4373:+ .0363:2 

y= — 1. 08+ . V 83 : — . 0493:2 

7 / =42. 56+ .212;r- . 305;r2 

120{KB 

4. 5 

7/= 1.86- 1.193:+ .3623:2 

y= 1,43- .4673:+ .1033-2 

7 / = 53. 29+ 3 . 83 :- 2.063:2 

ROCLB 

4.5 

\j = . 613:+ . 07 

?/= . 463:+. 15 ! 

7 / = 51. 03+ 1,7243;- .7613:2 

1326- F 

16 { 

y= 2.883+1.5133:- .0373:2 

2. 106-. S7z+ . 0343-2 | 

?/=45. 12- . 093 ;- . 5593:2 

I326-S i 

16 1 

I y= 1.073:-2.39 

. 01j:+. 91 

7 / = 37. 81+10. 473 ;- 3.637;r2 

1324-P 

16 : 

?/— .963:— .0 

y= . 073 :+. 44 

y=4L 36+ .034- . 546;r2 

1324-S 

16 

: //= .903:- .3 

i 

.093:+, 39 

7 / = 39. 03+ . 733 :- 1.2143:2 


Wliile plotting the points, however, it was noticed that in. the rings 
near the center of the trees the relationship between the two^ variables 
changed, the points for the inner rings falling below the line estab- 
lished by the rings nearer the periphery of the tree. This departiire 
began somewhere between the fifth and tenth rings froin the pith, 
and varied in different trees. After several trials a dividing line was 



Figure 4.— Relationship between summer-wood width and iMng widtlun loni^leaf pine wiien (>idy 
the inner eight rings on any cross section are included. Curve designathins as in Figure 2 


arbitrarily established between the eighth and ninth rings, and tliis 
was used throughout the investigation. 

If the curve delimited by the points for the eight inner rings (desig- 
nated by circles in fig. 1) be determined, it is found to be tlie parab- 
ola 1.75 — O.OTSr TO.OlSr These data are nearly as well satis- 
fied by the straight line y = 0.07.r+ 1.64; since the algebraic sum of 
the scpiares of the residuals is ™0.G267 for this ciirve, and -0.0124 
for the parabola. An examination of the trend of points for this 
group of rings wdll show that, theoretically at least, it is more nearly 
expressed by a parabola than by a straight line. It is conceivable, 
however, that the fewer the wide rings the less reliable are the points 
at the right-hand end of the curve, and the greater their tendency to 
he^ satisfied by the^ equation for a straight line. This explains why 
this type of equation adequately satisfies the condition in some of 
the ciiin-es discussed later. Figure 4 shows the trend of the eight 
inner rings for each of the lotigleaf pine sections. 

Figure 1 shows that the relation between the width of the slim- 
mer wood and the width of the ring, for the rings toward the outside 
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of the tree, is represented by a straight line with a marked upward 
slope. In this case the line is y = 0.42;r + 0.23. This does not agree 
with the statement made by Forsaith ( 4 ) since, if the summer-wood 
width remained constant, this line should have a slope of zero, i. e., 
should be parallel to the horizontal axis. Table 1 gives the equa- 
tions for the same relation in the other longleaf and loblolly pine 
sections studied. The curves for the longleaf pine sections are pre- 
sented in Figure 5. In every case studied, the relation is expressed 
by a similar straight line. 

An interesting relation between the slope of these curves is observ- 
able. The slope is expressed by the constant accompanying the x in 
the equation. If the line were parallel to the x axis, i. e.^ horizon- 
tal, the constant wmuld be zero; if the line were parallel to the y axis, 
the constant would be unity. In the same trees, the slope decreases 
as the distance aboveground increases, except that the breast-high 
section shows a slope which approximates that at the S^-foot level. 
It will be noted later that the breast-high section attained a higher 



maximum percentage of summer wood than did the 8)^foot level. As 
the density of stocking increases in the stand the slope of the sum- 
mer-wood-ring width curve increases until the density of 6()0 trees 
per acre is reached and then decreases as the number of trees per acre 
becomes greater. 

/When it was noted from the foregoing results that the age of the 
ring entered as one of the variables, 3-plane drawings for each section 
were made. The data for these were not sufficient to justify the 
calculation of equations, and only two of the diagrams are presented. 
Figure 6 shows graphically the relationship between ring width and 
suminer-wood width, as correlated to the number of rings from the 
center of the tree. The curves representing the relationship between 
summer-wood width and number of rings from the pith have been 
smoothed by estimation; those running in the other direction have 
not been adjusted. These diagrams show the parabolic relationship 
between ring width and summer-wood width. They also indicate 
that the curvature in this relationship increases as the rings become 
wider. At any one age in a given cross section of the trunk it is 
evident that the summer- wood width increases with ring width. This 
gives the straight-line relationship already discussed. 
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RELATION BETWEEN SPRING-'WOOD WIDTH AND RING WIDTH 

^ Since the spring-\Yood zone is but the difference between the total, 
ling width and the width of the summer wnod, the curves representing 
the relationship between spring-wood width and ring width could be 

e 


Xi 
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obtained by subtracting the summer-wood width as read from the 
curves from the ring* width. These data have been computed sepa- 
rately, however, in the same manner as were those for the simimer 
wood, and the equations are presented in Table 1. 

As was to be expected, the relation between spring wood and ring 
width, when all rings on one cross section of the trunk are considered, 
is expressed by a parabola which is concave upward; when only the 
eight inner rings are considered, the curve is either a straight line or a 
parabola; as the rings betwnen the periphery and the eighth ring from 
the pith become wider, the curve is a straight line with a marked 
positive slope, i. e., an upward trend; and as the distance aboveground 
becomes greater, the slopes of the curves for the outer rings increase, 
except at the 41'2~foot level. 



Figure 7.— Relationship between percentage of summer wood and ring width at different heights in 
longleaf pine grown in a stand containing 350 trees per acre. Curve designations as in Figure 2 


KELATION BETWEEN PERCENTAGE OP SUMMER WOOD AND 

RING WIDTH 

The points obtained by plotting the percentage of summer wood in 
each annual ring over the width of that ring tend to group around a 
parabolic curve which is concave downward. This form of curve, as 
illustrated in Figures 7, 8, and 9 holds throughout all sections of all the 
pines studied, being modified in the degree of curvature and the maxi- 
mum percentage attained by both distance above ground and by 
density of stocking in the stand. 

It is possible to vary the degree of cxuvatui’e of the curves represent- 
ing the relationship between summer-wood percentage and ring width, 
by including the wider rings, or, in other words, a larger proportion 
of the inner rings of any cross section. As the proportion of rings 
over 10 mm in width becomes greater, the curvature decreases until 
the data are best satisfied by a straight line with a negative slope, or 
even by a parabola which is slightly concave upwards. The wide 
inner rings were so few in number in the trees studied that the data 
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m^ere cleeiiied unreliable , and in no case have rings over 9 nun in 
%vi(itli been used. In several instances, notably in the case ol slow- 




growing trees, the Maximum reliable ring width was found to be less 
than -9 inm.. , 

The points have a rather wide dispersion in all the luaterial studicvd. 
This can be accounted for only tlirough the variations introdu(‘ed by 
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the effect of growth factors on the separate parts of the ring*. From 
the results reported previously by the writer (H) it is conceivable that 
an annual ring of any given width on any cross section of the tree 
might evince clifferences in the percentages of summer wood, depending 
upon the distribution of the rainfall during the vegetative season. 
Summer rainfall below the average in total quantity or at infrequent 
intervals is very likely to result in a smaller percentage of summer 
wood than if the summer rainfall is normal. Some evidence in 
support of this was noteci while the points for the curves were being 
plotted. The values for certain years fell rather consistently above or 
below the average for all years. The writer has also indicated 
previously that individual trees respond qualitatively to precipita- 
tion according to their vigor. Because of irregularities arising from 
these causes, it is necessary to consider a number of trees, and the 
greater the number of trees the more accurate the picture presented by 
the conclusions. 

EFFECT OF DISTANCE FROM GROUND 

The effect of distance from the ground in the same individual was 
investigated in longleaf pine with a density of 350 trees per acre, since 
this was the only group for which material at different heights was 
available. These trees, it will be recalled, were selected from a stand 
in Escambia County, Fla. Sections were available at stump and 
breast height and at intervals of 4 feet above the latter point up to 
16)2 feet. The curves expressing the relationship between percentage 
of summer wood and ring width for these heights are presented in 
Figure 7. 

EFFECT OF DENSITY OF STOCKING 

The effect of density of stocking of the stand on tlve relation of 
percentage of summer wood to ring width was likewise investigated in 
the longleaf pine from Escambia County. From curves for the 
breast-high sections from trees representing the different stand 
densities, as presented in Figure 8, it is evident (1) that within the 
limits studied the trees from the denser stands attain a maximum 
percentage of summer wood nearly 3 per cent greater than do trees 
from less dense stands; (2) all stands present their maximum density 
in rings 0.5 mm in width; and (3) the open stands maintain a maximum 
percentage of summer wood through wider rings than those in which 
it is found in denser stands. The only other southern pine material 
available for similar studies was loblolly pine from Franklin, Va., and 
from Windsor, N. C. Both of these samples were limited in tlie num- 
ber of trees represented, as only those of largest and smallest diameter 
were selected. The former were considered as growing under less 
crowded conditions than the latter. The curves expressing the 
relationship between percentage of summer wood and ring width at 
approximately 16 feet above the ground are presented in Figure 9. 
Thus in loblolly pine, crowding in the stand exerts the same influence 
on this relationship as it does in longleaf. The influence appears to 
be the same whether the trees grew in Florida or in the coastal plain 
of North Carolina and Virginia. Figure 9 shows also that the relation- 
ships which were noted for longleaf pine at breast height hold in their 
essentials for other heights in the bole of loblolly pine. The densely 
crowded trees from North Carolina (No. 1326) possessed narrower 
annual rings than any of the other groups studied. In these trees the 
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maxinmiii percentage of summer wood was obtained, in rings approxi- 
mating 1.5 iiim in width., rather than in rings 0.5 mm, or less as in 
trees of faster growth. The general trend of the curves in higiires 8 
and 9 leads to the conclusion that the slower the rate of growtli, tlie 
wider the rings in which the maximum percentage of siimiiier wood is 
reached, and the more rapid the decrease in the percentage of siiinmer 
wood in rings narrower or wider than the point at which the niaximiirn 
is attained. 

A study of Figures 7, 8, and 9 shows that there is no universal 
relationship between ring width and the percentage of summer wood. 
The precentage of this thick-walled portion in a ring of any given width 
depends partly upon the portion of the tree in which this was formed 
and partly upon the amount of growing space available. That it is 
also dependent upon site conditions is likewise probable, though the 
material available during this study did not permit of such an investi- 
gation. Keinholz (8) has shown that the average percentage of 
summer wood in the first 60 rings of lodgepole pine {Pinus contorta 
Loud.) varied with the site. Trees from^ bogs possessed a maximum 
of 44.8 per cent summer wood, from virgin growth on good sites 28.5 
per cent, and from lava sites a maximum of 22 per cent. Paul (13), 
as noted earlier in this paper, decided that on better sites the specific 
gravity of the wnod w-as generally higher, 

DISCUSSION 

One of the outstanding facts all through tliis investigation was 
that the general relationships between the two portions of any annual 
ring and the width of the ring itself hold as well foi* second-growdh 
loblolly pine as for second-growth longleaf. They also hold whether 
the loblolly was grown in Virginia or in eastern North Carolina. 
Preliminary investigations on pitch pine (Pinus rigida Mill.) and 
scrub pine (P, trirginiana Mill.) from elevations of 2,200 feet in the 
mountains of southw^estern Virginia, indicate identical results. These 
lend support to the view that the relations here established will be 
found to hold true generally for second-growth southern pines. 

In all of the material studied the inner rings departed notic(uibly 
from the relationsliip established by the rings nearer the jxuiphcry 
of the cross section. As has been previously mentioned, this depajiuire 
appeared somewhere between the fifth and tenth rings from the pitli. 
It is apparently specific to the individual tree, and doos not depcuid 
upon distance aboveground or upon amount of growing space. Nei- 
ther is it caused by the greater average ring width in the. inner rings. 
Figures 3 and 4 show that, where rings of the same widtli occur m 
the outer and inner zones of the cross section, the summer wood is 
almost invariably smaller in proportion in the inner rings. Similarly , 
as the pith is more closely approached, rings of the same width as 
found further toward the periphery possess a smaller percentage of 
the tliick-walled summer wood. 

The data do not indicate the reason for this departure, but it may 
be explained eventually on the basis of different metabolic conditions 
in young stems. The departure from the normal of later life is such 
as to result in a decreased percentage of summer wood. 

It has been shown how the lower percentage of summer wood in 
the inner rings influences the trend over the cross section as a whole. 
Whether the straight-line tendency of the relation in the outer rings 
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between summer wood and ring width and consequently between 
spring wood and ring width would be maintained if a larger number 
of wmle rings ’were available in some sections and a greater number 
of narrow^ rings in otliers is problematical. The fact that these 
curves do not reach a zero summer-wood width when the ring width 
is zero indicates that the curvature might be modified if a greater 
number of narrow rings were present. The trend of the points whicli 
are so few as to have been deemed unreliable in computing the equa- 
tions is such as to indicate a probable parabolic tendency. Be that 
as it may, the reliable data available are best satisfied by straight 
lines. 

From the mathematical standpoint, each of the parabolas express- 
ing the relationship between summer-wood width and ring width may 
be considered as the resultant of two curves. The first of these is 
a straight line with a positive slope; the second is a parabola with 
its vortex at the origin and lying wholly below the x axis. Since the 
normal relation between summer-wood width and ring width appears 
to be expressed by a straight line with a positive slope, the first of 
these twm curves might well be considered as expressing the normal 
relationship. The second would then be considered as representing 
the factors which tend to prevent the formation of summer wood. 
These latter factors exert insufficient control to affect the normal 
tendency in narrow rings, but become more marked in wide rings and 
especially in the wide rings near the center of the tree. Further 
controlled experiments may eventually permit these factors to be 
determined. 

SUMMARY 

A study of approximately 10,000 rings on second-growth longleaf 
and loblolly pines from Florida, North Carolina, and Virginia has 
shown some interesting relationships between the ring width and the 
percentage of summer wood. The material availaWe has been of 
such a nature as to permit a study of these relationships under differ- 
ent conditions of stand density, and at different heights in the same 
individual trees. The following points are deemed to have been 
established for the second-growth stands studied: 

On any cross section the relationship between the percentage of 
summer wood and the ring width may be expressed by a parabola 
which is concave downward. 

The maximum percentage of summer wood attained at stump height is 
approximately that attained at breast height in the stand containing 
350 trees per acre. 

The decrease in the maximum percentage of summer wood attained 
appears to be more rapid in the uppermost portion of the bole. 

The wide rings contain a higher percentage of summer wood at 
points near the ground. 

The maximum percentage of summer wood attained at a given height 
in the tree appears to be independent of the density of stocking. 

The maximum percentage of summer wood at a given height in the 
bole occurs only in the narrowest rings in crowded stands, but in more 
open stands This maximum may be maintained in wider rings . 

The relationship between summer-wood width and ring width on 
any cross section is expressed by a parabola which is concave down- 
ward when all rings between the pith and the periphery are con- 
sidered. Conversely, the relationship between spring-wood width 
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and ring* width in the same material is expressed by a parabola which 

is coiicaTe upward. ^ ^ i i 

In the outer rings of a given cross section, i. e., ontside the eighth 
ring, the relationship between summer-w^od width aiid.^ ring width is 
expressed by a straight line mth a positive slope. This is also true 
for the spring wood. 

The reiationsliip between either spring-wood or _ siimnier--wood 
width and ring width in the inner eight rings is variable. It may 
soiiietimes be expressed by a straight line and sometimes l)y a 
parabola. 
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THE HEMOGLOBIN CONTENT OF THE BLOOD OF 
HEALTHY AND ANEMIC “ SALT-SICK” CATTLE ' 

By W. M. Neal, Associate in Animal Nutrition, and R. B. Becker, Specialist 
^in Dairy Husbandry, Department of Afiinial IrliLshandry , Florida Agricultural 

Experinient StaMon ^ 

INTRODUCTION 

A condition known as “salt sick^^ affects cattle kept too long on 
certain range areas in Florida. Loss of appetite^ followed by pro- 
gressive loss of condition even to the point of emaciation, are the 
most prominent symptoms. Recent investigations { 4 )'^ have proved 
this to be a nutritional anemiia. The concentration of hemoglobin 
in the blood of cattle has been studied as an index of the development 
of or recovery from this condition. Limited data are available con- 
cerning the average percentage of hemoglobin in bovine blood, but 
such variations as might be expected, considering the behavior of 
the other blood constituents, have never been measured for cattle 
under uniform conditions of feeding and management. Aston (:^), by 
some iron determinations on the blood of “bush sick’’ (iron defici- 
ent) cattle in New Zealand, has shown anemia to be one of the symp- 
toms of that condition. No direct determinations of hemoglobin 
were made. 

The object of this study was to determine the variations in the 
hemoglobin content of the blood of cattle observed at 2 } 2 -hour, 
daily, and semiannual intervals, the average values for healthy cattle, 
and the variations from these values in an anemia due to a naturally 
occurring iron, or iron and copper, deficiency, such as occurs in salt- 
sick cattle. 

METHODS OF EXPERIMENTATION 

Hemoglobin determinations at the Florida experiment station 
were made in duplicate by the Newcomer ( 11 ) acid-hematin method 
on blood drawn from the jugular vein. The glass color standard 
nianufactiired by Bausch & Lomb wars used. Samples were col- 
lected in small glass vials con training just sufficient dry sodium citrate 
to prevent clotting. Analyses were made immediately. 

Determinations in field studies were made with a. standardized 
Dare hemoglobinometer (7) on blood obtained by puncturing the 
marginal ear vein. The same operator made all of the readings 
reported. All results have been converted to grams of hemoglobin 
per 100 mi of blood. 

It is recognized that the Dare instrument is not so accurate for 
individual analyses, but in a series of samples the average value 


1 deceived for publication July 6, 1932; issued April, 1933. Presented before the division of biological 
chemistry at the eighty-third meeting of the American Chemical Society, New Orleans, La,, Mar. 28 to 
Apr. 1, 1932. 
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State mstitutioTial herds for cooperation in the study of healthy cattle; and to J. R. Greenm an for technical 
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obtained bv the Dare method very closely approximates that obtained 
by the Neynmmer method. It is Mt -that ayerages of series by either 
of the two methods can be compared. 

EXPERIMENTAL DATA 

VAKIATIONS IN BLOOD HEMOGLOBIN CONTENT AT 21/4-HOUR INTERVALS 

Ten Jersey heifers and dr^^ cows were used in. this study, the first 
blood samples being taken at 6 a. m., and successive ones at 2 } 2 “hoiir 
intervals until 9 p. m. The data are presented in Table 1. 


Table 1. — Hemoglobin determinaUoyis {Newco^ner method) on blood samples taken 
at BYo hour intervals jroiii Jersey cattle in 1930 


Date and animal No. | 

Grams of liemoglobin per 100 cc of blood at indicated time of taking 
sample 

Stand- 

Coeffi- 
cient of 

6 a. m. 

8.30 
a. m. 

11 a. m. 

1.30 
p. m. 

4 p. m. 

6.30 
p. m. 

9 p. m. 

Aver- 
age 1 

viation 

varia- 

tion 

Sept. 3: 








6. 46 



395 

6. 71 

6.22 

6.44 

6. 68 

6.04 

6. 68 

6. 44 

0. 237 

3. 67 

401 

8, 18 

9.40 

9.05 

9. 60 

9. 36 

10.24 

9. 26 

9. 30 

.574 

6.17 

4KL--- — . 

8. SI 

S. 90 

9.87 

9.53 

9. 67 

9. 60 

9. 57 

9.42 

.373 

3. 96 

Sept. 9: 











295 

15. 90 

15.60 

15.43 

16.23 

15. 25 

16. 46 

16.12 

15. 86 

. 412 

2. 60 

312... 

16.46 : 

15. 52 

15. 34 

16, 34 

15.69 

14. 73 

16, 23 

15. 76 

. 579 

3. 67 

315 

14. 64 ! 

12.98 

14.12 

14.90 

14. 38 

13.75 

15. 43 

14. 31 

. 740 

5. 17 

334 

15. 52 

14. 82 

14. 82 

16. 46 

16. 01 

15.34 

16.12 

15.58 

. 594 

3. 81 

Sept. 11: 







14. 20 

14.17 



188.... 

15. 16 

13. 33 

14. 38 

14. 20 

14.03 

13.89 

.511 

3. 61 

300 

12. 05 

12.91 

12. 22 ! 

12.84 

13. 61 

13.00 

12. 40 

12. 72 

. 496 

3, 90 

305 

13. 47 

13.40 

13.47 

13. 33 

13. 61 

13. 33 

13. 68 

13. 47 

.124 

.92 

Sept. 12: 











295 ' 

14. 90 

15.25 

15. 34 

15. 25 

14. 90 

15. 25 

16.12 

15. 29 

.378 

2. 47 

312 : 

16. 57 

14. 64 

15.08 

15. 90 

14. 82 

14. 99 

14. 73 

15.25 

. 664. 

4. 35 

315 ....i 

13. 40 

13.75 

14. 38 

14. 20 

15. 16 

14,38 

12. 57 

13.98 

. 769 

! 6. 50 

334... ’ 

14.20 

14. 29 

15.08 

13. 89 

13. 75 

14. 20 

14. 20 

14. 23 

. 391 

j 2. 75 

Average.. 

13.28 

^ 12.93 

13.21 

13. 52 

13. 30 

13. 27 

13. 36 

13. 27 

. 162 

1,22 


Animals No. 395, 401, and 410, were kept in dry lot with water 
available at all times. The usual ration of silage, hay, and mixed 
grain was fed. The other animals were on a smali Bahia-grass 
pasture without supplemental feed but with water continuously 
available. The effect of different methods of feeding should thus 
be eliminated. 

One purpose of this study was to determine whether or not any 
of the observed variations could be avoided by obtaining the l)lood 
samples at some particular time during the day. Assuming that 
the mean of seven determinations per animal per day represents the 
value for that day, it would appear from the correlation coefficients 
between the mean, and the several series of samples, that the series 
taken at 1.30 p. m. most nearly parallels the mean under the con- 
ditions encountered. The next most satisfactory time was 8.30 a. m. 
The correlation coefficients for the two times were +0.9941 ± 0.0033 
and + 0.9890 ± 0.0039, respectively. 

Apparently there is a tendency for determinations made on early- 
afternoon samples to give higher results than those ol)tained on eaiiy- 
forenoon samples. However, the average of the standard deviations 
for the 14 animals (10 individuals), was ±0.489 g and the standard 
deviation of the means was ±0.162 g. This indicates that the varia- 
tions due to individuality are much greater than those due to time of 
sampling, and also thatindividual variations tend to balance each other. 
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VARIATIONS IN BLOOD HEMOGLOBIN CONTENT FROM DAY TO DAY 

A iiiirnber of the heifers in the young herd kept in dry lot were 
bled over periods of 7 to 30 days. Blood sainpl'es were taken each 
morning between 8.30 and 9 o’clock to avoid the possibility of com- 
plications due to the time of sampling. The first three animals w^ere 
under observation during the time of tick eradication^ and no 
blood samples were taken on the days when the cattle were dipped. 
Feeding and management were uniform at all times. The results 
of this study are presented in Table 2. 

No uniformity could be detected in the variations observed. 
Changes were irregular and no cycles were evident. Several high 
or low values might, or might not, occur in succession so that day- 
to-day variations can not be eliminated entirely by taking an average 
of several successive analyses. The greatest coefficient of variation 
observed was 9.18 per cent and the average was 5.28 per cent. This 
variation, as well as that observed during the day, must be con- 
sidered in the interpretation of the significance of the hemoglobin 
concentration in bovine blood from time to time. 


Table 2. — Variations in hemoglobin content of bovine blood from day to day when 
animals were bled 7, 10 ^ and 30 days consecutively 

animals bled 7 CONSECUTIVE DAYS, BEGINNING JUNE 23, 1930 




Hemoglobin per 100 cc blood 

Coeffi- 


Animal No. 

Range 

Mean 

Standard 

deviation 

dent of 
variation 

358 - 

Orains 

12. 91-14. 40 

Grams 
13. 65 

Gram 

0. 55 

Per cent 

4 . 03 

380 - 

9.79-10. 86 

10. 18 ' 

,37 

3. 63 

382 

10. 02-12. 05 

11.42 1 

.53 

4. 64, 

392 

9. 02-10. 20 

9,40 

.37 

3. 94 

401 ' 

10. 52-11. 48 

11. 06 

.35 

3. 16 

405 ! 

10. 11-11.71 

11. 15 

.49 

4. 39 

408 ' 

9. 16- 9. 79 

9. 45 

.24 

2.54 

410 

7, 94- 8. 90 

8.39 

.35 

4. 17 

419 

8. 05- 8. 96 

8.64 

.28 

3. 24 

423 

7. 57- 8. 05 

7.71 

. 17 

2. 20 

431 

8. 37-10. 52 

9. 78 

.72 

7. 36 

434, 

8. 21-10. 11 

9. 13 

.59 

0. 46 



ANIMALS BLED 10 CONSECUTIVE DAYS, BEGINNING SEPTEMBER 9, 1931 


358. 

380. 

382. 

392. 

401. 

405. 

408. 

410. 

423. 

431. 

434. 

435. 


12. 51-14. 03 

13. 30 

0. 49 

3. 08 

9. 30-11. 19 

10. 18 

.58 

5. 70 

10.11-11.48 

11.01 

. 30 

3.27 

9.23-11.59 

10, 10 

.78 

7. 72 

9, 09-11. 10 

10. 10 

,05 

6. 44 

9. 43-12. 17 

10.70 

. 08 

6. 36 

7. 06- 8. 90 

8. 14 

. 36 

4. 42 

8, 12-10. 95 

9. 15 

.84 

9.18 

7.47- 8.96 

7.98 

. 36 

4. 51 

7. 52- 9. 57 

8.59 

, 63 

7. 33 

8. 12-10. 90 

9.33 

.75 

8. 04 

9.43-12.28 

10. 35 

,78 

7.54 


ANIMALS BLED 30 CONSECUTIVE DAYS; BEGINNING SEPTEMBER 3, 1930 


395„..._„. 

6.13-8.86 

7.66-9.68 

8.28-9.99 

7. 04 
8. 64 

9.05 

0.47 

.01 

.44, 

401, ■■ _ . ■ 

4,10,„_. . ■ A '. 

.Average., 









s All cattle in this area were dipxjed in an arsenical solution at 14-day intervals, in aecordanee with State 
and .Federal regulations for the eradication of the cattle-fever tick, Margaropus mnulatw. 
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VARIATIONS IN BROOD 


HEMOGLOBIN CONTENT 
INTERVALS 


WITHIN A HERD AT SEMIANNUAL 


Blood samples were taken from all cattle in, the experiment station 
herd semiaiiiiiially to test for contagious abortion. Ilcmioglobin 
determinations were made at these times on the blood ol 21 cows 
at each of the last four intervals, other cows being eliminated from 
the tabulation because they were not bled every time. ^Feeding and 
management were uniform througlioiit these years. The a,verage 
hemoglobin values for the 21 head are as follows: 

^ Grams of liemo- 

globin per 100 
ec of blood 


September, 1930 

March, 1931 

September, 1931 
March, 1932____ 
Average-, 


9. 77 
12. 34 
11 . 00 
10. 12 

11. 31. 


The highest single determination was 15.25 g, and the lowest 
7.92 g. The least variation for an individual for the four bleedings 
was 0.48 g, and the greatest 6.59 g. Based on the averages for the 
particular individuals, these variations are eciui valent to 5.16 and 
64.80 per cent, respectively. 


VARIATIONS IN BLOOD HEMOGLOBIN CONTENT OF NONSALT-SICK CATTLE 

To supplement the data in the literature relative to the average 
concentration of hemoglobin in bovine blood, and to secure data 
from cattle kept under conditions similar to those encountered in 
the investigation of a naturally occurring nutritional anemia in 
Florida, hemoglobin determinations were made on blood samples 
obtained from two of the State institutional dairy herds in west 
Florida. Other determinations were made at the Minnesota experi- 
ment station, and in some privately owned commercial herds in 
western Pennsylvania. The numerous determinations of McCay (9) 
had not then been reported. The data secured, together with a 
resume of that in the literature, are presented in Table 3. 


Table 3. — Average hemoglobin content of bovine blood from areas ivhcre nuiriliorial 
anemia (‘^salt sick*^) is tinknoum 


and 

..ourity 

Investigators 

Kind of 
cattle 

1 

Florida, Jacfeson, 
ami Leon conn- 

1 

(Cows 

t-.do-, . 

ties. 

Minnesota, Ram- 

1 

Heifers 

sey County. 
Pennsylvania, 
Lawrence Coun- 

1 

(Cows..,. 

< Heifers,. , 
(.Calves.-. 
fCows.... 

I Heifers. 

1 Calves. „ , 

1 Bulls..... 

ty. 

Kansas 

:f 

Brooks and Hughes 
, : (5)- 


New A'ork._-„, „ 

[Hayden and Fish 
i'lMcCay 

Cows 


Cows and 

Pennsylvania | 

Ander.son, Gayley* 
and Pratt (f). 1 

heifers. 

ICows-... 

\GaIves-... 


Anal- 

yses 

Ilemoglobin iier 100 ec* 
of lilood 

Range 

Mcam 

Sland- 

ard 

de- 

viation 

Num- 




ber 

Gramit 

Graiiifi 

Gramit 

20 

10. 99-10. 49 

14. 61 

1.45 

52 

10. 99-16. 49 

14. 12 

1.32 

60 

9, 09-14. 20 

11. 06 

1.40 

7 

11, 40-16, 49 

14. 58 

1. 68 

ao 

10. 99-16. 49 

12.68 

1. 36 

4 

12. 37-15. 11 

13.47 


3 

11. 68-15. 39 

14. 06 


103 


! 10.94 


59 


11.71 

1. 24 

111 


10.46 

1.65 

24 


11, 92 

1. 81) 



14.10 

1,073 


1 10.90 

. 8ft 


11, 19-15, 04 

1 13.19 


24'. 

9.70-16.79 

1 12.23 



MnUmd lisod 


Dare (7). 

Do. 

Newcomer (//). 
Dare. 


Do. 

Do. 

Do. 

Newcomer. 

■Do.' 

Do. 

Do. 

Tallfiuist, 


(.'oil oil aiHi 
Smith (II). 
Van Slvke (1$). 
1 ) 0 . 
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Values for mature cows using the data of Brooks and Hughes (5), 
McCa.y (9), and those presented in this paper, vary from 10.94 to 
14.61 g of hemoglobin per 100 cc of blood. Average analyses by the 
Newcomer (11) and Cohen and Smith (8) methods vary from 10.944- 
1.54 to 11.06 41.40 g per 100 cc of blood. The limited data do not 
permit one to set a similar standard for younger cattle. The calves 
may or may not have a higher concentration of hemoglobin in their 
blood than the cows. The heifers, between 1 and 2 years of age, seem 
to show a higher concentration. 

Definite information for young cattle can be secured only by 
regular periodic determinations of their blood hemoglobin from birth 
to maturity. The data tabulated make it appear doubtful whether 
as definite an age trend would be secured as has been given for man. 
However, these data are sufficient to emphasize the low values some- 
times encountered in a naturally occurring iron, or iron and copper, 
deficiency. 

EFFECT OF FEEDING IRON AND COPPER SUPPLEMENTS TO SALT-SICK CATTLE 

Early in the investigation of salt sick it was noted that the blood 
was pale in color, and, when centrifuged, usually had less than half of 
th^3 tiotttial proportion of red corpuscles. The range cattleman^s 
method of curing the condition was to remove his cattle to a different 
range. Observation showed that healthy ranges were on clay, had: a 
clay subsoil, or were subject to overflow from clay land, while the 
afi‘ected ranges were on white or gray sands, marl soils, or muck lands. 
There was sufficient forage for the cattle on either type of range, so 
that quantity of feed available was not a factor. 

The similarity of the physical symptoms with those reported for 
bush sickness (an iron starvation) by Aston (S) in New Zealand, the 
anemic condition of the cattle themselves, and the apparent scarcity 
of iron in the soils of the affected ranges, indicated that salt sick 
might be a form of iron starvation. 

Table 4 . — Hemoglobin content (Bai'e 7nethod) of freshly drawn blood from cattle on 
irony or iron and copper, deficient pastures 


HEALTHY CATTLE 


Age data 

Ani- 

mals 

:iiemc)globin i)er 100 cc blood 

Range 

Mean 

(lovmtio ’ 

Cattle------ - - . 

Number 

2 

28 

4 1 

Grams 

9. 62-13. 74 
10. 72-16.49 
11.68-14.43 

Grams 
11.68 
13.34 
13. 57 

Grams 

Yearlings - 

1.37 

Over 2 years - 




SALT-SICK CATTLE IN SAME HERDS 


Calves, 

12 

3, 02- 9. 62 

5.92 1 

1.62 

Yearlings--.-- 

96 

3.44-13. 05 

8. 38 

2.05 

Over 2 years, 

34 

4.81-13.19 

9.04 

2. 41 

Over 12 years 

■ 2 

4. 81 






SALT-SICK CATTLE SHORTLY BEBURE DEATH 


Calves - 

9 

1. 37- 9. 62 

4.49 ' 
6. 62 

2. 89' 

Yearlings - 

■ 7 

3.44-12.37 

'2,58 
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Affected cattle were located in 39 herds distributed over the different 
soil areas where this nutritional anemia was found. Hemoglobin 
determinations were made on representative affected and healthy 
animals in these herds before supplemental minerals were provided 
for cooperative studies. The results of this survey are presented in 
Table 4. ... 

The values obtained for the cattle which appeared physically fit in 
these herds, and which the owners considered to be healthy, compare 
favorabty with the average values as given in Table 3. The affected 
animals liad a lower concentration of hemoglobin in their blood than 
did the healthy animals, although a number of the afl'ected animals 
would not have been suspected to be iron-deficient, as judged by the 
concentration of hemoglobin in their blood.. 

The lowest concentration of hemoglobin observed was 1.37 g per 
100 cc in a calf which died, while 3.02 g was the lowest value for an 
animal that recovered. 

The range of the analyses is much greater than is encountered in the 
normal groups. Apparently there are changes in the blood volume, 
or other physiological adaptations, that effect the concentration of 
hemoglobin in the blood stream to such an extent that even after 
allowing for normal variations it alone can not be regarded as an 
exact measiire of anemic conditions. However, the average condition 
of a group of animals can be determined very closely by a study of their 
blood. 

Owners of the affected herds were provided with ferric ammonium 
citrate. This was given as a drench at the rate of 2 or 3 ounces of a 
6 per cent solution, according to the size and age of the animal. No 
other changes were made in feeding or management. Slow and irregu- 
lar responses to the sole iron supplement suggested that some other 
element must be deficient also. Cattle at the Florida experiment 
station (10) made rapid and complete recovery from salt sick when 
copper sulphate was added to the iron compound in a 1 to 50 molec- 
ular ratio. ^ This addition was then made to the supplement used in 
the field with uniformly favorable results. 

Only a single hemoglobin determination was obtained on some of 
these cattle while as many as six or seven were made on others at 
approximately monthly intervals. The following tabulation shows 
the increase in the concentration of hemoglobin in the blood from the 
time of providing supplement until physical symptoms had almost 
completely disappeared : 

Grams of hemoglobin 
per 100 cc of blood 


87 head, visibly affected- 8. 28 

87 head, giveifi supplement 1 month- 10. 61 

79 head, near reco very 11. 55 


SUMMARY 

CoeflScients of variation up to 6.17 per cent were observed for the 
concentration of hemoglobin in bovine blood when the samples were 
taken at 2K-hour intervals. The opncentration tended to be higher 
and more regular during the early afternoon and early forenoon. The 
coefficients of variation, based on 27 series of from 7 to 30 days, 
average 5.28 per cent. In the same herd under nearly uniform feeding 
and management, irregular changes in hemoglobin concentration were 
observed. 
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The average concentration of hemoglobin in the blood of cows 
determined by the more accurate methods, ranges from 10.94 ± 1,54 
to 11.06 ± 1.40 g per 100 cc. 

A study is reported of 39 herds on areas where cattle are affected 
with a naturally occurring nutritional anemia. Healthy animals in 
these herds have a normal concentration of hemoglobin in their blood. 
The lowest value observed in an anemic animal was 1.37 g per 100 cc 
in a calf shortly prior to death. Values as low as 3.02 g were observed 
in anemic cattle that recovered from the condition by the use of iron 
and copper supplement. A total of 79 animals given the above supple- 
ment without other change in feed or management regained a normal 
concentration of hemoglobin in their blood, 
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NORMAL GROWTH OP POTATO LEAVES IN GREENHOUSE 

AND FIELD ‘ 

By Winona E. Stone 

Assistant Plant Palhologistj Vermont Agricultural Experiment Station 

INTRODUCTION 

This paper records the growth of normal potato leaves in green- 
house and field during the early part of the summer, when optirnuni 
conditions for plant growth prevail. The immediate purpose of these 
studies was to ascertain the period of maximum surface expansion 
under normal conditions both during the day and during the night. 
An earlier study of the chloroplasts of the potato (ISy had shown that 
the period of maximum growth and division of the chloroplasts coin- 
cides with the period of maximum gmwth of the leaf. A search 
through the literature revealed few observations regarding the two 
problems here considered, namely, the size at which potato leaflets 
show maximum growth in area and the time (day or night) of maximun 
leaflet expansion, 

REVIEW OF LITERATURE 

The older work on leaf growth seems to have been stimulated largel.y 
by Sachs^ theory of the period of maximum growth (11). Stebler {li) 
found that maximum growth took place in Secale cereale between noon 
and 3 p.m. and in Allium eepa between noon and 9 p. m., and that daily 
growth was greatest in the latter plant between the fifth and ninth 
days at 19° to 21° C. Kreusler^s measurements of the area of maize 
foliage (8) indicated a period of accelerated growth at the appearance 
of tassels and ears. Wildt's measurements of clover leaves (14) l^cl 
him to conclude that sunvshine exerted more influence on the amount 
of actively functioning leaf surface produced than did temperature. 

Gregory (6), studying the large, irregular, hexagonal to octagonal 
leaves of the cultivated cucumber, found that only a few of the leaves 
attained maximum growth at the same time. The rate of growth in a 
leaf, he believed, ^^ tends to fall off, owing to the action of a detrimental 
factor.^^ 

No data on the growth of the potato leaf were found except those of 
Bunzel (1), who showed that a shoot continues to grow for G7 days, 
after which the weight of leaves and stalk becomes stationary. Lange 
(5), in a study of the development of chimeras in Solarium lycopersicum 
and S. nigrum, found nuclear and cell divisions most numerous be tw^ecn 
3 and 5 a. m. In greenhouse plants on the night of March 7, 1925, the 
mitoses were few in number until 3 a. m.; at 4 a. m. a noticeable increase 
appeared; and at 5 a. m. the maximum number was present. These 
results correspond to those obtained by Lutman (10) and Karsten 
(7) in their studies of cell reproduction in certain of the algae. Such 
nuclear and cell divisions do not necessarily mean a in.arked increase 
in the bulk of an organ. 
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In the iiiatiire leaves used by Denny (4) fresh weight and a 

loss ill dry weight occurred during the night, indicating the absorption 
of water and the translocation of some of the materials, especially 
carbohvdrates, and possibly nitrogenous compounds. ^ ^ 

Davis and Sawyer (S) found sucrose present in the leuves in increase 
ing amounts from sunrise to 2 p. m., but after that hour it decreased. 
Hexose sugars were also present, but the percentage varied owing to 
the formation or solution of the starch. From about 2 p. in. iiiitil 
late afternoon hexoses were abundant in the leaves, owing probably to 
conversion of the sucrose present. In the leafstalks reducing sugars 
predominated over sucrose. Storage of starch, hemicellulose^s, sucrose, 
and dextrose are also recorded by Clements (2). He found the maxi- 
mum at 6 to 8 p- m., with sucrose or dextrose present at all hours of 
the day and night, although not in very large quantities. 

METHODS 

The measurements herein recorded were made ah the Vermont sta,- 
tion on plants of Green Mountain potato (Solanvm tuberosuni L.) 
growing in pots in the greenhouse and in the open. No special effort 
was made to control temperature, humidity, or the length of day under 
which the plants were grown. Controlled experiments, while of 
scientific value, were entirely apart from the purpose for which these 
records were made. The temperature in the greenhouse never went 
below 60^ F. at night but rose to above 100° in direct sunshine. The 
plants, in 5 to 6 inch pots containing rich greenhouse soil, were placed 
at night in a box electrically heated by resistance coils, which raised the 
night temperature in the box about 5°. The plants grown in the field 
were also in pots. The temperature, although the experiments were 
made in the latter part of July, fell to almost 50° on one of the nights. 
The plants were about 6 to 7 cm high when leaflet measuremen t began , 
and had five to six leaves. All branches except one were removed. 
The measurements of length and breadth were made with nai’row 
strips of millimeter paper and were accurate to within about ono-haif 
millimeter. The very young leaflets open out in a fan-shaped flgui’e, 
with the leaf lamina decurrent on the petiole, so that the measurcMnents 
of length are not so accurate for the first two or three days a,ft-or tlie 
leaflets appear as they are later. When the leaflets a 4 *e 1 (mi in hmgt h 
they flatten out and are as easy to measure as a piece of pa.|)er of tlie 
same size. „ , . ‘ . 

Certain selected leaves were measured as soon as they began to 
make rapid growth, the object in this case being not to trace the 
growth of the leaf but to determine the maximum increment of 
growth made during the day and during the night. Measurements 
made at 7 to 8 a. m, and 7 to 8 p. m. were plotted. 

The leaves were reproduced to scale on coordinate papex, the daily 
or lialf-daily increments being added and a mature leaflet of the cor- 
rect forrn and measurement built up. These areas were then deter- 
imned with a planimeter. In view of the regular form of most of the 
potato leaflets this method should give results the error of which 
would not exceed 5 per cent. 
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GROWTH OF A SINGLE LEAF 


The results of the measurement of a single typical leaf (sixth from 
the bottom, with four leaflets) from a greenhouse plant are shown in 
Figures 1 and 2. Leaflet A grew rapidly during the first eight days of 
recorded measurement, but growth declined after May 16, the daily 




MAYS] 10 121314 







Figure 1.— Growth of the four leaflets on a typical leaf (No. C on the stem from the bottom), from 
May 8 to May 26, in the greenhouse 

increase dropping abruptly from 23 per cent on May 15 to an average 
of 3 per cent for the remaining nine days. In leaflet B permanent 
slackening in growth occurred on May 17, the daily increase dropping 
from 15 per cent to an average of 3 per cent for the remaining eight 
days. Likewise, marked decrease in the rate of growth in leaflet C 
occurred on May 17, with a drop from 22 per cent to an average of 5 
per cent. In leaflet D the more rapid rate of ginwth continued for a 
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slisilitlY loiig’er period, until MiW 20, wlien tlie rate ol. ^giowtli fell 
from 10 per cent to an average of 5 per cent lor tlie leinaiiiiiig peiiod 

of observation. ^ ... , 

The curves of leaflet and of leaf growth (%. 2) conlorm to tlie 
typicaT curve expressing the rate and distribution ol giowtli in aiiy^ 
of the other plant organs, such as stem or root. These curves ol 
percentage increase were obtained by using the increase as tlie 
nunierator and the area of the preceding day as the denoininator ol a. 



Figuhe 2.— Increase in area of entire leaf, and the four leaflets A to D, respectively, shown in Figure 
1, and the percentage increase in the entire leaf and the tip leaflet 


fraction. If the leaf was small and the increase in length and width 
was 1 mm, the percentage of growth was very mnch greater than if 
the leaf was much larger in area. Such a curve represents the pro- 
portionate growth more fairly than does a curve where the increment 
is simply added to a previous area. Such curves are given for the tip 
leaflet .and for the entire leaf... . .. 

GROWTH OF LEAVES ON A SINGLE SHOOT 

All leaves on three plants, each eonsisting of a single slioot, wei’c 
measured between May 8 and May 25, 1931, in the manner descrilied. 
Leaf 1 was nearest the base of the plant. By the end of tfie observa,- 
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tion period one cluster of flower buds bad appeared and a second bad 
begun to form in the axil of one of tbe brandies, the plant being then 
about 30 cm high. 

The curves of growtli of the leaves of the largest and sturdiest of 
the plants, as shown in Figure 3, indicate that while the basal leaf 



Figure 3.-— Growth of all leaves on a shoot, leaf A being nearest the ground. Accelerated 
growth shifts to the right, i. e., up the stem, as new leaves are formed 

grew very rapidly during the early days of the observations, this 
increase dropped of! until its growth practically ceased. The period 
of accelerated growth on leaf 2 came a few days later, and growth 
continued over a longer period, but gradually it too came to a stand- 
still. The growth of leaf 3 moved over still further toward the later 
period before growth slowed down, and the same was true of leaves 
4, 5, and 6. Leaves 7 to 13 were -..still in the stage of rapid growth 
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when the observations were concluded on May 25. In fact, _ these 
leaves were so small that measurements could not be made on leaf 7 
until May 13, and the first measurements on leaves 12 and 13 were 
not taken until May 21. 

The five to seven leaflets which make up the compound leaf of the 
potato show almost simultaneously accelerated growth, although, as 



Figure 4.— Growth of representative leaves (solid lines) and their respective leaflets A-O aiKl A-D 

noteci above, the period of most rapid growth moves slightly forward 
in point of time from the tip leaflet toward the base. (Fig. 4.) 

The perc^entage of increase in the total leaf spread of three plants 
(fig. 5) indicates that, for a time after the plants are well above the 
surface of the ground; the rate of growth is very rapid. Then for a 
few days the increase is only 10 to 20 per cent each day, and thereafter 
it falls to an average of less than 10 per cent a day. 

^ Almost identical curves were obtained from outdoor growth of 
leaves between July 17 and August L Some of the very small leaves 
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at the base of the plants were not measured. The leaves on the out- 
door plants were larger than those on the greenhouse plants, but the 
slowing up of growth in older leaves and the beginning of growth in 
younger ones during the latter part of the observations were similar 
in both, although the outside temperature was never quite so high 
during the day as that in the greenhouse and several times at night 
sank below the minimum of the greenhouse. 

Increase in leaf spread was continuous during the observations, as 
is indicated by the number of square centimeters of leaf. Flower 



Figure 5.— Leaf growth of three typical plants from the greenhouse, shown as percentages of increase, 
the percentage being obtained by dividing the increment by the area on the preceding day 


formation does^ not check vegetative growth, as little or no food 
materials flow into the flowers or seeds, the flowers being abortive 
attempts at seed formation. A cluster is formed at the top of the 
stem, but the shoot continues to grow and a new cluster is formed in 
the leaf axils. The young tubers are formed at about the same time, 
but do not draw heavily on the accumulated foods, as their accelerated 
growth takes place later. 

DAY AND NIGHT GROWTH OF LEAVES ON GREENHOUSE PLANTS 

The most rapid growth of leaflets occurred when they were about 
1 cpi in width and cm in length. This observation afforded a 
basis for determining the period during the day or night in which they 
grew most rapidly. Lange's observation {9) made on related species 
of Solanum, that the maximum number of cell divisions occurs at 5 
a. m., was not of much assistance, for increase in number of cells may 
not be associated with growth in organ size. Cells grow to some 
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extent before tlie.y divide, but real increase in bulk comes after they 
start to grow by,, formation of vacuoles in the cytoplasm. 

The leaflets selected showed variations in growth. (iable_l and 
fig. 6.) In the greenhouse plants growth was fairly evenly distributed 



betw^een day and night, although the night growth was a little greater. 
In certain leaflets the growth was quite regular; in others it was rather 
iri’egiilar. Occasionally it was greater at night, but frequently it was 
greater during the day, (Fig. 7.) No adequate explanation of this 
difference in the growth of individual leaves can be offered. 
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Figure 7.— Correlation of growth increments of 10 leaflets on greenhouse plants with tempera- 
tures and percentage of sunshine distributed about noon (N) and midnight (M). Night growths 
are shown by heavy and day growths by light black bars 


Table 1. — Area vncrease in square centimeters of three leaves on greenhouse jdants 

by day and by night 


Leaflet and date 

Leaf 1 

Leaf 2 

Leaf 3 

Day 

Night 

Day 

Night 

Day 

Night 

Leaflet A: 







May 27 

0. 04 

0. 73 

0. 65 

0. 84 

1.37 

0.95 

May 28„-„ 

.67 

.96 

1. 00 

1. 43 

1. 03 

.84 

May 29 

.88 

.37 

1.34 

1.83 

1.09 

1.20 

May 30 — 

1.59 

1.27 

1.93 

3. 05 

1. 91 

2.00 

May 31 

.85 

.90 

.87 

2. 13 

1. 77 

1.63 

June 1-. 

.64 

.87 

2.34 

1. 56 

1.28 

.87 

June 2 

.90 

.73 

.73 

3. 19 

2. 00 

1.56 

Total.. 

6. 17 

5. 83 

8. 86 

14. 03 

10. 45 

9. 05 

Leaflet B: 







May 27 - 

.26 

.11 

.33 

. 36 

.17 

.10 

May 28 

.15 

.38 

.35 

.35 

.37 

.43 

May 29 

.28 

.23 

1.01 

1. 14 

.36 

.26 

May 30 

1.04 

.67 

.84 

1.24 

1. 11 

,87 

May 31 

.87 

.89 

1.45 

1.49 

.00 

.07 

June 1 

.34 

.59 



. 61 

1.41 

June 2 

.34 

.90 



. 05 

.43 







Total 

3.28 

3.73 

3.98 

4. 68 

3. 27 

4. 17 

Leaflet G: 







May 27 

.14 

,18 

. 15 

. 21 

.15 

.40 

May 28..- 

.26 

.35 

.17 

.47 

.37 

.43 

May 29 

,52 

.16 

.49 

.44 

.52 

.37 

May 30-.- — 1 

.20 

.19 

,47 

.96 

.72. 

.60 

May 31 - 

.39 

.41 

. 36 

.39 

.42 

.86 

June 1 



.39 

. 66 

. 23 

,.72 

June 2-.--- 





.37 

. 25 








Total ! 

1.51 

1.29 

2. 02 

3. 03 

2. 78 

3.63 


The percentage of night growth of three leaves from greenhouse 
plants follows: 


jaf 1; 

Per cent 

Leaf 2: 

Per cent 

Leaf 3: 

Per cent 

Leaflet A-__. 

48. 6 

Leaflet A _ _ 

---— 61. 3 

Leaflet A---- 

.-- 46. 4 

Leaflet B-_„. 

53.2 

Leaflet B _ - 

53*6 

Leaflet B 

---- 56. 0 

Leaflet C-_„- 

46. 1 

Leaflet C__ 

60.0 

Leaflet C„- -. 

. - - - 56. 6 

Average- -- 

49. 3 

Average- 

----- 58. 3 

Average--- 

53. 0 


Average night growth, nine leaflets, 53.5 per cent. 
Average day growth of f.aine leaflets, 46.5 per cent. 
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The average growth of 10 leaflets from three different plants during 
the same S-day period was as follows: Day growth, 135 cni^ or 45.9 
per cent f night gro wth 159 or 54.1 per cent. 

Night growTh w’^as slightly greater than day growth in spite of the 
fact that night temperatures were much lower than day temperatures. 
In the greenhouse the temperature was as low as 60° F. at night, 
whereas during the day it sometimes rose above 100° in lull sunlight. 



The thermograph was shaded and so did not record the maximimi 
temperature in full sunlight. 

The relation of day and night growth to sunshine and temperature 
is shown in Figure 7. The sunshine records were obtained from the 
near-by weather bureau station at Burlington, Vt.; the temperature 
records were taken with a Friez recording thermograph. The period 
of maximum growth was from May 30 to June 2/ the peak occurring 
on May 31. This period coincides with that of minimum sunshine 
and low" temperatures both day and night. The days preceding this 
period had been almost cloudless and the temperature high both day 
and night, but the effect of these conditions was not shown by the 

3 Cm3 is the abbreviation for square centimeter recently adopted by the Style Manual for United States 
Government printing. 
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leaves until a few days later. Apparently these leaflets had reached 
the period of maximum development, and the process continued in 
spite of slightly unfavorable surroundings, or perhaps the very favor- 
able conditions for carbohydrate formation did not show in the plant 
until several days after they had passed. Fischer {5) in a study of the 
growth of rye plants found that favorable or unfavorable effects of 
temperature and moisture were not immediately apparent but were 
expressed by the plant in the period that followed and the stimulus of 
a favorable or unfavorable period varied directly as its length. 

DAY AND NIGHT GROWTH OF LEAVES ON OUTDOOR PLANTS 

Three leaves, each with a terminal leaflet and two pairs of side 
leaflets, were measured at 7 a. m. and at 7 p. m. At the beginning 
of the measurements the leaves were just entering the period of rapid 
growth. The records were kept as long as the measurements showed 
differences in day and night growth. The time selected, July 21 to 
27, is the period of most rapid foliage growth in the field in this 
locality. The results of the measurements are given in Table 2. 
Figure 8 shows day and night growth in three typical leaflets chosen 
from supplementary series of measurements. In these leaflets also 
night growth was slightly in excess of day growth. 


Table 2. — Area increase in square centimeters of three leaves on outdoor plants, by 

day and by night 


Leaflet and date 

Leaf 1 

Leaf 2 

Leaf 3 

Day 

Night 

Day 

Night 

Day 

Night 

Leaflet A: 

July 21 

1.64 

3. 63 

1 

0. 52 

4. 74 

1.73 

3. 62 

July 22 

1.94 

3.82 

3. 11 

3. 00 

4. 00 

3. 18 

July 23 

0 

4. 51 

.72 

3. 54 

4. 10 

5. 77 

July 24 - 

2. 48 

4.97 

1. 34 

2. 68 

1. 32 

2. 46 

July 25 - 

July 26 .. 

2. 94 
4. 52 

4.80 

1. 80 

5. 73 

5. 24 

2. 51 

4. 41 

6.21 
4. 78 

2. 39 

3. 79 

July 27.. 

4.40 

0 

0 

3. 31 

0 

2. 95 


Total 

17. 92 

23.53 

16.66 

24. 19 

22. 14 

24. 16 


Leaflet B: 

July 21. 

.52 

.73 

.43 

1.56 

. 92 

. 62 

July 22 

1.08 

1.04 

. 46 

1.27 

1. 17 

.84 

July 23 - 

1.27 

.78 

.71 

.72 

2. 39 

2. 49 

July 24. 

1.87 

2, 50 

1. 20 

1 . 96 

.75 

1,48 

July 25. 

1. 54 

4. 10 

1.81 

1 . 57 

2. 76 

2.91 

2.62 

3.38 

July 26 

2. 66 

3. 25 

1, 97 

2. 12 

4. 97 

July 27- 

.48 

2.23 

2. 09 

.62 

0 



Total 

9.42 

14. 63 

8.67 

9. 82 

12. 96 

14.24 


Leaflet G: 

July 21 







July 22 - 

.49 

0 

.71 

,23 

. 63 

1. 08 
. 66 
1.45 
2. 42 
1. 81 

July 23-.-- ^ 

1.34 

.58 

,53 

.96 

,94 

July 24 

.76 

1.17 

. 60 

2.04 

1.37 

Jtlly25 

.98 

1.47 

1.89 

2.55 

. 76 

July 26 

1.08 

3.51 

2.51 : 

1.79 

2. 32 

July27— 

1.57 

.43 

1.70 

.72 

.60 

• 88 



Total.. 

6.22 

5.16 

■„ • 7.84 , 

8.29 

6.52 

8.30 
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The percentage of night growth of three leaves from plants grown 
out of doors is as follows: 


Leaf 1: 

Per cent | 

Leaf 2: 

Per cent 

Leaf 3; Percent 

Leaflet A 

__ 56. 7 1 

Leaflet A 

__ 59.2 

Leaflet A 52. 2 

Leaflet 

60. 8 I 

Leaflet B 

53. 1 

Leaflet B ,52.3 

Leaflet C 

45. 3 1 

Leaflet C - 

51. 4 1 

Leaflet C 5(1 0 

Average 

54.3 

Average 

54. 6 

Average 53.5 


Average night growth, nine leaflets, 54.1 per cent. 

Average day growth of same leaflets, 45.9 per cent. 

The average growth of 10 leaflets from three outdoor plants dur- 
ing the same 8-day period was as follows: Day growth, 167 cin^, or 
43.2 per cent; night growth, 220 cm“, or 56.8 per cent. 

The relative independence of growth and teinperatiire is further 
emphasized by Figure 9. For example, the night temperatures of 
July 22-23, July 24-25, and particularly of July 25-26 were very 
low, but on these dates night growth was very rapid, and on the last- 



i’lGURE 9.--Correlation of growth increment of 10 leaflets on plants out of doors, with daily t empera- 
tures distributed about noon (N) and midnight (M). Night growths shown by wide and day 
growths by narrow black bars 


named date it was greater than for any other night period Appar- 

ently growth, once started, proceeds almost in complete disregard, for 
a time at least, of the temperature of the environinent. 

As in leaflets on greenhouse plants, great irregularity (xavurred in 
the day and night growth of individual leaves and huifleis. Appar- 
ently internal factors are more important than external om>s, at Icaist. 
in their immediate effects. 

DISCUSSION 

Decrease in the growth rate of each succeeding leaf is conditioned 
on the formation of a new leaf which removes part of the food sup- 
ply. As soon as a new leaf is formed, the growth of the one below it 
is checked and the new leaf takes on accelerated growth. Diiiiiig the 
period of vegetative growth the wave of acceleration passes up the 
stem from one leaf to the next above it. In the potato this gro 
inovement is not checked by the development of flowers, as very 
little material passes into them and they rarely set seed. 

In the embryonal condition the leaf grows slowly, as the material 
for tissue formation must be drawn largely from older leaves through 
the stem, which serves as a common reservoir for food materials, As 
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soon as the yonng leaves are established, however, they constantly nse 
more food, partly of their own manufacture and partly that made by 
the older leaves. Thus, the new leaves slow down the growth of the 
older ones. vSome general factor must also be involved, probably 
that of permeability; the older membranes being less easily penetrated 
by solutions than the younger ones, the current of food takes the path 
of least resistance, i. e., into the younger organs. 

SUMMARY 

All leaves on a single potato shoot were measured at intervals for 
a period of about 20 days in the greenhouse during May and in the 
field in July. 

Growth of leaflets and leaves followed the typical S-shaped curve. 
The leaves first formed stopped growth during the early part of the 
observations, and the next younger leaves then began rapid growth. 
At the close of the observations the youngest leaves were just begin- 
ning this period of accelerated growth. 

The rate of growth of leaflets composing a single leaf is not always 
the same on any single day; so growth seems to be more or less inde- 
pendent of environment. 

The growth of a shoot continues after the flower clusters are formed, 
a new vegetative shoot pushing them to one side. In this manner, 
the shoot continues to grow and the foliage to increase in spread. 

Measurements on rapidly growing leaflets taken in the morning 
and at night showed: In greenhouse plants, night growdh, 54.1 per 
cent; day growth, 45.9 per cent; in outdoor plants, night grov^th, 56.8 
per cent; day growth, 43.2 per cent. 

The accelerated growth of each leaf seems to be checked by the 
development of a newer leaf. The checking of vegetative growth in 
the potato plant, however, is not due to flower formation, for growth 
continues after flower clusters have appeared. 
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HIBERNATION OF THE MEXICAN BEAN BEETLE IN 
THE ESTANCIA A^ALLEY, N. MEX.^ 

By J. R. Douglass ^ 

Associate Entomologist^ Division of Truck Crop and Garden Insects, Bureau of 
Entomology, United States Department of Agriculture 

INTRODUCTION 

The investigation described in this paper formed part of a com- 
prehensive study of the hibernation of the Mexican bean beetle 
(Ejnlachna corrupta Muls.) made in the Estancia Valley, N. Mex., 
from 1923 to 1929. The investigation was undertaken to determine, 
if possible, the relative effects of hibernation material, snowfall 
coverage, temperature, precipitation, and climatic fluctuation on the 
overwintering of the beetle. In addition, information was sought 
which would be useful in determining the possible economic impor- 
tance of this insect in noninfested bean-growing areas in advance of 
its spread to these areas. 

Repeated observations have shown that the Mexican bean beetle 
is a major pest of beans only when they are grown near suitable 
hibernation quarters. In the Estancia Valley beetles begin their fall 
migration in search of hibernation quarters early in September and 
reach their maximum flight during the latter part of September or 
the first part of October, depending on the seasonal variation in 
weather conditions, especially the occurrence of killing frost, and on 
the^ time the bean plants are harvested. The beetles begin to leave 
their winter quarters and appear in the fields early in June. The 
peak of the infestation of overwintered beetles occurs in the foothill 
fields during July, the exact time depending on the quantity of rain- 
fall. In this pa, per winter survi^uil and overwintering refer to the 
entire hibernation period. 

METHODS OP INVESTIGATION 


In these studies 216,340 beetles were used. They were collected 
from the following places: In 1923-”24, from irrigated gardens in the 
Estancia Valley; in 1924“-25, from the foothills of the Estancia Valley 
and the Rio Grande Valley, between Belen and Los Lunas, N. Mex.; 
in 1925-26 and 1926--27, from irrigated bean fields near Hoehne, 
Colo., and in the Rio Grande Valley north of Albuquerque, N. Mex.; 


1 Received for publication May 21, 1932; issued May, 1933. 

2 The writer’s thanks are due J.n. Graf, formerly in charge of the Division of Truck-Crop Insects, Bu- 
reau of Entomology ;W. H. White, in charge of the Division of Truck Crop and Garden Insects, and 
Neale F. Howard, in charge of the hean-lnsect investigations, for encouragement, inspiration, and sug- 
gestions; and to the temporary field assistants who were stationed at Estancia during the period of 
study discussed in the paper. 
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ill 1927-28 and 1928-29, from the Rio Grande Valley, near Albiiqiier- 
qiie and Belen. , 

In making the collections the plants were jarred with a. thin board 
and the beetles fell into a specially constructed, pan. Alter several 
hundred beetles had been collected, they were emptied into cloth 
sacks which the collectors carried in their belts. At intervals the 
contents of the sacks were dumped into a cage, in which they were 
transported to the laboratory by aiitotriick. At the laboratory the 
beetles were fed twice daily, the old refuse being removed from the 
cage at the time of feeding. Wet gunny sacks were placed over^the 
cages to reduce the temperature and increase the humidity. Tlie 
beetles were counted in the order of collection, so that each group 
was held at the laboratory approximately the same length_ of time. 
They were first placed in wide-mouth bottles and chilled in ice water 
to reduce their activity and permit rapid and accurate counting. 
When the desired number of beetles had been counted,^ they were 
placed in cylindrical carrying cases containing bean foliage and 
transferred to the hibernation cages in the field at a time when field 
beetles were seeking hibernation quarters. 

During the season of emergence fiom hibernation, the cages in the 
foothills and valleys were observed as often as time and conditions 
would allow, generally daily or at Ic.ast every other day. The ca,ges 
located on the mountain were observed less frequently. After emer- 
gence had become general, the active beetles were removed from the 
cages on days when examinations were made and the numbers thus 
removed were recorded as the ones that had survived. These niimbers 
were used in computing the percentages given in Table 2. 

DESCRIPTION OF CAGES 

The hibernation cages were constructed of 2 by 4 inch lumber, and 
measured 4 feet wide, 6 feet long, and 2% to 4 feet high. They were 
covered with 14-mesh screen wire and had removable tops. (Fig. 1.) 
After the beetles had become dormant, the tops were removed' juul 
the cages covered with 1-inch mesh wire. This ])ei-mitt(‘d siiow to 
enter the cages but excluded intruders. The original i-ops w(U'e re- 
placed in the spring before the beetles lesumed their a^ctivity. In 
this manner conditions closely approximating those ))revailing in lln^ 
surrounding area v^ere secured. Extra heavy wire s(‘.re(ming was 
placed vertically in the soil to a depth of 12 inches a, round the !)as(‘ 
of each cage to prevent burrowing animals from gaining a.(a‘.(^ss to 
the hibernating beetles. When the cages were jfiaced in the soil, 
care was taken to preserve the forest floor or natural cover. 

LOCATION OF CAGES 

Details as to the location of the hibernation cages are g;iven in 
Table 1. Cage 1 was located near the uppet edge of tlie fir-spriice 
associa tion, or Canadian Zone, and cages 2 and 3 near the lower border 
of this zone. Cag’e 4 was placed at the upper edge of tlio fiondcrosa, 
(w^estern yellow) pine forest, or Transition, zone, and cages 5, (>, 7, and 
8 in the lower half of this zone. Cage 9 was located in tin*, piilon or 
mit-pine association that clothes the lower rolling footiiills hordcubig 
the valle^' on the wust and the ponderosa pine forest zone. (\ag(‘s 
10, 11, and 12 were placed in the short-grass or semidosert forma tion 
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of the Estancia Valley, The line of hibernation cages extended in 
an eastern and western direction for 25 miles and ascended from an 
elevation of 6,100 to one of 9,000 feet. 

Cage 2 was placed against the base of a high rim rock, which afforded 
some protection and decreased the amount of precipitation entering 
the cage. Cages 5 and 7 were located on the south side of Tajiqiie 
Canyon just below the first rim rock and were also well protected. 



Figure 1 .— Type of cage used in hibernation investigation, with instrument shelter in background • 


Cage 8 was placed at the base of a steep Iiill, 30 feet from the canyon 
stmam, where it received a large amount of moisture from both 
precipitation and seepage. Cage 11 was set between the laboratory 
and the insectary, where it received the maximum ciuantity of snow 
and, being protected from the wind, the hibernation material was 
evenly coyered. The remaining cages were not protected from the 
wind and in them the snow coverage was not evenly distributed over 
the hibernation material. 

WEATHER RECORDS 

The temperature, precipitation, and snowfall records have been 
compiled from the meteorological records of cooperative observers of 
the United vStates Weather Bureau and from records taken at the 
Estancia laboratory. . The three cooperating weather stations are 
located as follows : (1) At Rea^s ranch, on Bosque Mountain, at an 
elevation of 9,215 feet, latitude 34^ 46' N., longitude 106° 20" W., in 
the Canadian Zone, near cages 1 to 4, inclusive^ (2) near Tajique, in 
the foothills at an elevation of 7,100 feet, latitude 34° 4S' N., longi- 
tude 106° 18" W., 3 miles northeast of the foothill caiges in tlie 
Transition Zone; (3) at Estancia, in the Upper Sonoran Zone, at an 
elevation of 6,100 feet, latitude 34° 45' 20" N., longitude 106° 3" W., 
in the short-grass or semidesert formation, near cages 10, 11, and 12. 


Table 1 . — Locatioii of hibernation cages 
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GENERAL FEATURES OF ESTANCIA VALLEY 

PHYSIOGRAPHY 

Estaiicia Valle}^: (fig. 2) extends from about latitude 34^ 20' to 
35° 17' N., and longitude 105° 42' to 106° 24' 30'' W. Its drainage 
basin forms a depression with no outlet, having a inaximuin extent of 
about 65 miles north and south and 40 miles east and west, and 
includes an area of about 2,000 square iniles. 

Four physiographic areas are recognized in the valley — the valley 
floor, hills, mesas, and mountains. Estancia Valley is separated from, 
the Rio Grande Valley by the Manzano Mountain range, which 
extends north and south and iiarallels the two valleys for 30 miles as 
an unbroken mountain wall. This range has an abrupt slope fronting 



the Rio Grande Valley by reason of an uplift which exposes the rock 
strata on its western slope in the form of a precipitous escarpn;:ient of 
about 4,000 feet. The long eastern slope follows the dip of these 
strata and gradually descends' into, the foothills of, .Estancia Valley. 
(Fig. 3.) At the northwest corner of the valley are South Mountain 
and the San Pedro Mountains, two isolated masses. Between South 
Mountain and the north end of the Manzano Range, a distance of 
nearly 15 miles, the mountain wall is interrupted, the divide between 
the Estancia and Rio Grande Valleys here being formed by a rugged 
hilly tract. From the center of the valley northward the surface rises 
gently to a point where the plain ends abruptly in an escarpment. 
On the northeast the valley is bordered by a mesa. Farther south are 
the Hills of Pedernal, which divide the valley from the treeless grass- 


3 MKINZKE, 0. E. GEOrOOY AND WATEE EESOUECEa OB' ESTANCIA VATXEY, NEW MEXICO, WITH NOTES ON 
GEOUND-WATEE CONDITIONS IN ADJACENT BAETS o.f CENTEAL NEW.MEX,ico. ' IT. S. Qeol. Survey Water- 
Supply Paper 275, 89 p., illus. 1911. 
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land plains of tlie Pec^os sl,ope. The liills tha.t inclose the va.Hey on the 
southwest are lower and less rugged. On the southeast the valley is 
terminated abriiptly by the Mesa Jiiinanes, whose escarpment, 500 
feet high, forms an imposing physiographic feature. The area drains 
into a, series of large salt lakes in. the southeastern part of the valley. 



MILES 


Figure 3. —Cross section of the plant associations in the Estaneia Valley 

The lowest point in the valley has an elevation of about 6,000 feet 
and the highest point in the Manzano Mountains is about 10,000 feet. 

The climate of this area, vuth its cool summers and cold winters, is 
determined by its elevation, its inclosed nature, and the altitudinal 
range of approximately 4,000 feet. The highest and lowest tempera- 
tures occiu’ at the lowest elevations. 


PLANT ASSOCIATIONS 


The_ valley floor is divided into two plant zones, the alluvial slopes 
or plains and the ancient lake-bed region. The alluvial slopes are 
covered with a short-grass sod in which blue grama {Bouteloua gracilis) 



Figuri: 4.— Blue grama (.Bowfeiotta gracUis) so6. 


(fig. p prey minates. The lake-bed area is dominated by a small- 
leafed shrub four^g saltbuy (Atnplex canescem), commonly called 
chamiza m New Mexico. (Fig. 5.) In the fourwing-saltbu4 com- 
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munily Jirc extensive a.rens tha.t have a shallow water ta.ble a.nd a high 
alkali content. These areas are covered by bluestein (Andropogon 
furcatus). Although most of the central part of the valley is flat, 



Figure 5.--Foiirwiiig saltbush U’\ triplex canescens) that is found on the extensive areas of the old 

lake and the salty mud flats 


extensive depressions containing salty mud fiats (salt basins) devoid 
of vegetation are found. 

The western foothills are divided into four forest zones (fig. 2), 
whereas the other sides of the valley afford only two. The lower roll- 



Figurb 6.“Gherryston6 juniper {Juniperm monosperma) that sparsely clothes the lower rolling hills 


ing hills that border the valley on the east and west are sparsely 
clothed with (‘herrystone juniper {Juniperm monospenna). (Fig. 6.) 
The mesa and the intermediate forest or nut-pine region are covered 
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with pifion {Pinus edulis). (Fig*. 7.) (These types of vegetation fall 
within the tipper Sonoran Life Zone of Merriam.) The ponderosa. 
pine (Pm/iis ponderosa) covers the higher rolling hills (Transition Zone) 


Figure S.-^Ponderosa pine the higt 

drier slopes of the mountains 

growth of trees and shrubs, the most common 
gmnbehl) In the elevated areas of the Man: 
aian Zone) the dominant evergreen trees are ] 
mucronata) and Engelmann spruce (Pieea ent 
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{Quercus utahensis a-nd Q. xiowmexicana), Kocky Moimtain maple 
(Acer glabrvm)y aiid quaking aspen (Pojmlus tre/midoides) are the 
deciduous trees occurring in greatest abundance. 

HIBERNATION OF BEETLES IN THE VARIOUS LIFE ZONES 

CANADIAN ZONE 

The results obtained in the Canadian Zone in a period of five years 
show that in four of the years no beetles survived, and in the fifth year 
(1926-27) only 42, or 0.56 per cent, survived. (Table 2.) During 
the 5-year period a total of 38,500 beetles was used, and during 
1926-27, 7,500 beetles were used; the percentage survival for the five 
years was therefore 0.11. The winter of 1926-27 was unusually 
warm, with an average daily departure from normal temperature of 
2'^ F. The precipitation was nearly normal. 

In order to determine whether the character of the hibernation 
material was an, important factor in the survival of beetles in this zone, 
pine needles were added to the oak leaves in cages 2 and 3 in the fall 
of 1926 and in the following years. (Table 2.) In 1927-28, when 
the average daily temperatures was 0.9*^ F. above normal ancl the 
precipitation 0.21 inch below normal (Table 9), no beetles survived. 
In 1928-29 the departures from normal were —1.4'^ F. and +0.26 
inch of precipitation, and again no beetles survived. It is evident 
that in this zone winter mortality is due to climatic factors, and not 
to tlie character of the material used as a shelter for the beetles. 

TRANSITION ZONE 

In tlie Transition Zone 133,340 beetles were used in six years, with 
a total survival of 13,114, or 9.84 per cent. At the upper edge of the 
poiiderosa pine belt (cage 4) 5.01 per cent survived over a period of 
six years. In cages 5 and 7 more than 12 per cent survived the dor- 
mant period. The locations of these cages are typical of favorable 
natural hibernation quarters. Cage 8 showed the lowest percentage 
of survival in this zone, 3.16 per cent. It is doubtful whether beetles 
in search of hibernation quarters would under natural conditions 
attempt to liibei’iiate in locations in which moisture conditions were so 
iinfavorable as they wnre in this cage. 

Tlie results of the six years^ experiments indicate that tlie ponderosa 
pine forest zone (fig. 8) is the natural hibernation quarters of the 
beetle in the West and that it is even more favorable when oak trees 
are p.i*esent in the association. This indication is confirmed by the 
fact that beetles are found hibernating naturally chiefly in this zone. 

UPPER SONORAN ZONE 

In the Upper Sonoran Zone 44,500 beetles were employed with a 
total survival of 1,210, or 2.72 per cent, in all four cages (Nos. 9 to 12) 
where materials both native and foreign to the zone w’^ere used as 
shelter. In cases 9 and 10, where the sheltering material was native 
to the zone, the percentage of beetles which hibernated successfully 
averaged 0,34. This average does not include the results for cage 9 in 
the season 1926-27, when the compact pinon needles in that cage were 
loosened in order to test the suitability of masses of needles as hiber- 
nation material. In the loosened needles 16.68 per cent of the insects 
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T.\ble 2. --Hibernation results , 1923 2 to 1928 29 

CANADIAN ZONK 


Cage 

No. 

Season 

Hibernation material 

Date beetles were 
introduced 

Bee1,les 

intro- 

duced 

Bc'edes siii’vived 


[1924-25 

1925-26 

'1926-27 

1927-28 

ll928-29 

1924- 25 

1925- 26 

1926- 27 

1927- 28 
[1928-29 
[1925-26 
11926-27 
1927-28 


Sept. 30 

Number 
5, 000 

Number 

0 

Per cent 
0 



Oct. 10 

2, 500 

0 

0 

1 


Sept. 29-- 

2, 500 

2 

. 08 


Oct. 4 

1,000 

0 

0 



Sept. 28- 

2, 500 

0 

0 



Oct. 2.. 

3, OOO 

0 

0 



Oct. 8, 15- 

5, 000 

0 

0 

2 


Sept. 29 

2, 500 

28 

1. 12 


Oct. 4 

1, 000 

0 

0 



Sept. 28 

2, 500 

0 

0 



Oct. 8, 15 

5, 000 

0 

0 



Sept. 29 

2, 500 
1,000 

12 

, 48 

3 


Oct. 4 

0 

0 


[1928-29 

do - 

Sept. 28 

2, 500 

0 

0 









TRANSITION ZONE 





'1923-24 


Oct. 9 

5, 004 

208 

9 

4. 16 


1924- 25 

1925- 26 


Oct. 7 

2,000 

1,600 

. 45 


_do _ _ 

Oct. 16. 

36 

2. 40 

4 

1926-27 


Sept. 29 

1, 500 

248 

3 

16. 53 


1927-28 

do 

Oct. 4 

1,000 

. 30 


1928-29 

.do- -- 

Sept. 28 

2, 500 

1 , 296 

172 

6. 88 


1924- 25 

1925- 26 


Oct. 15 

130 

10. 03 


do 1- 

Oct. 10, 12- 

5, 000 
10, 000 
10, 000 

1, 112 
2, 829 
75 

22. 24' 

5 

' 1926-27 

do 

Oct. 2-1 

28. 29 
.75 


1927-28 

do 

Oct. 3, 5 


1928-29 

do - 

Sept. 29— — 

10, 000 
1, 500 
1, 500 

295 

2. 95 


1925-26 

Pine needles 

Oct. 19 

339 

22. 60 

6 

1926-27 

-..--do •- - 

Oct. 4 

« 206 

13. 73 

' 1927-28 

do 

Oct. 6 — 

2, 500 
2, 500 
5, 540 

^ 123 

4. 92 


1928-29 

do. 

Oct. 4 

'>38 

1 . 52 


1923-24 

Oak leaves and pine needles . _ 

Oct, 17 

1, 304 

23. 54 


1924-25 

do.'^ 

Oct. 5,7 - . . _ 

■5, 000 
5, 000 

363 

7. 26 


1925-26 

do - 

Oct. U -- - 

1, 812 
2, 433 

36. 24 

7 

11926-27 

do - 

Oct. 3, 9 

1 5, 000 

16. 22 


1927-28 

do 

Oct. 3^ 5 

10, 000 
10, 000 
10, 000 
5, 000 
5, 000 
5, 000 

1 

230 

358 

183 

516 

90 

2 

2. 30 


[1928-29 

do 

Oct. 4 

3. 58 


1925-26 

do 

Oct. 10 to 20 - 

1. 83 


J 1926-27 

do - - 

Oct. 4 - - 

10. 32 

8 1 

11927-28 

do - 

Oct. 5 - . 

i . 80 


[1928-29 

- ,__.do- 

Oct. 4 

. 04 





UPPER SONORAN ZONE 



[1925-26 

Pinon needles .T !! 

Oct. 11 

2, ) 

70 


9 

1926-27 

Pi non needles (loosened material) — 

Oct. 4 - 

2, 500 

417 

16. OH 


1927-28 

Pinon needles....- 

Oct. 0 

2, 500 

0 

0 


1928-29 

- do 

Oct. 4-,. - 

2,500 

0 

0 


1923-24 

Russian thistles and other weeds „ 

Oct. 23 - 

2’ 500 

4 

16 


1924-25 

Bean hulls and Russian thistles \ 

Oct. 11 

2' OOO 

0 

0 

10 

1925-26 

do ■ 

Oct. 10 

2 ’ fiOf ) 

0 

0 

1926-27 

-----do 


2* 500 

0 



1927-28 

— .do - 

do 

2 500 

0 

0 


1928-29 

do . 

Oct. 10- 

2 ’ 500 

0 

() 


1925-26 

Oak leaves and pine needles- 

Oct. 18 

2, 500 

545 

2 1 , 80 

11 

1926-27 

-do,--- . . 

Of‘t. 7 

5 000 

loa 


1927-28 

- do 

^do - 

2 500 

A/* l/A 


1928-29 

do--. 

4 

2 500 


• 

1 1 0 


1926-27 

--.do 

Ofit- 8 

2 500 


U 1 4 
WA 

12 

1927-28 ■ 

— -do ■ . ■ ■ ■■ ’ 

Ortt. 7 

2 ' 500 

zu 

A 

^ OU 

0 


1928-29 

-.-..do.-... 

Ont. 4 

2 ' 500 

V 

0 

0 






? placed over cage to exclude natural precipitation. 

On Alay 10 shelter placed over cage to exclude natural precipitation. 
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passed the wiiitei' suc(^essf^lly. In the three seasons that cage 9 
contained coinpaet masses of needles, not a single beetle survived 
during two s(p;isons and only 2.S per cent during another season, the 
average survival for the three seasons being 0.93 per cent. These 
results indicate that the natural hibernating material in the cherry- 
stone juniper and pihon forest zone does not provide proper conditions 
for winter survival of the beetle, owing primarily to the fact that few 
of the beetles are able to enter the compact masses of needles. This 
conclusion conforms with observations made by Graf,' who did not 
find a single beetle hibernating in the pihon pine and cherrystone 
juniper needles in the foothills during the season of 1921-22, when the 
heaviest infestation of beetles ever known in the Estancia Valley was 
recorded. The needles of the j)ifion and cherrystone juniper trees are 
very short, and only a light fall occurs yearly, resulting in a scant 
compact mass around the base of each tree. Judging from the results 
obtained in cage 9 during 1926-27, however, it may be concluded that 
if the beetles were able to penetrate these masses of needles they 
would find proper protection for winter survival. 



Fig UK E 9.— Oak “ mottes” found along the streams in the cedar and nut-pine forest zones 


The resxilts from cage 10, which contained materials common to 
the cultivated and sod areas of the Sonoran Zone, showed that there 
was only one season out of the six in which any beetles survived. 
Of the 14,500 beetles used in this experiment,^ 4 lived through the 
winter of 1923-'24. Where oak leaves and pine needles, material 
which is foreign to the zone, were used as hibernation shelter (cages 
11 and 12), 3.6 per cent of the beetles survived. Where protection 
from the wind was afforded, which allowed for an even distribution 
of snow and decreased sand coverage, as in cage 11, the percentage 
of beetles that oveiwintered averaged 5.59. In cage 12, which 
contained the same material but which was exposed to the wind, 
only 0.27 per cent passed the winter during the three years the 
experiment was in progress. 

These facts show that sheltering material found naturally in the 
open areas of this zone does not provide the beetle with proper 
coverage for successful winter survival. The greater survival in the 
cages containing oak leaves and pine needles explains why beetles 
can hibernate in oak /^mottes^^ (fig. 9) found along streams and 


^ Graf, J. B. Uupublished data. 
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canyons. The oak mottes represent an outcropping of the Transition 
Zone at the upper edge of the Upper Sonoran Zone due to topography, 
exposure, temperature, and soil inoisture in that particular vicinity. 

MISCELLANEOUS FACTORS AFFECTING MORTALITY OF BEETLES 

DUST STORMS 

In the Estaiicia Valley dust storms occur frequently in the spring 
and occasionally in other seasons. These storms may hint lor a few 
hours or for several days, and the quantity of dust carried at times 
is enormous. It has been found that the cpiantity of dust deposited 
is in direct proportion to the quantity and size of any obstruction 
in its path and the efficiency of this obstruction as a windbreak. 
Russian thistle (Salsola pestjer) is ^the most abundant and widely 
distributed weed in the Estancia Valley. When mature it breaks 
off at the surface of the ground and rolls before the wind. These 
weeds finally lodge and pile up along fences (fig. 10), where they 



FiGt'RE 10.-— Russian thistles (Salsola pesiifer) piled up along a fence by the wirui 


break the force of the wind so that it deposits a large ciuajitit}^ of 
sand and dust on the leeward side of the fence, until the ftnun, is 
finally covered. This accumulation alone prevents the succthssful 
hibernation of the bean beetle on the alluvial slopes and valley 
floor. 

CHARACTER OP HIBERNATION MATERIAL 

y The character of the hibernation material is an important factor 
in the successfuUoverwintering of the insect. A suitable xnaterial 
is one that permits beetles to enter and emerge readily, and at the 
same time protects them both from low temperature and from rapid 
changes of temperature. It must also be able to retain moisture 
so that too rapid desiccation of the beetles will not occur. A niixture 
of oak leaves and pine needles, such as is often found in well-protected 
places, is the most favorable material. This finding confirms the 
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results of Howard ajid English ^ and Thomas obtained in studies 
of the beetle in the Soxithern States. Compact material, such as 
juniper and pihon needles, is unsuitable because the beetles are 
unable to enter it. Weeds are the most unsatisfactory material 
because they permit rapid changes in temperature and moisture. 

SNOWFALL 

A protection of snow during periods of subzero weather is essential 
for successful hibernation. The following example will illustrate 
this point. On December 19, 1927, a thermograph measuring air 
temperature registered —20° F., as compared with 21° (fig. 12, D) 
registered by a distance thermograph that was recording the tem- 
perature of the hibernation material of oak leaves and pine needles 
under 8 inches of snow in cage 7 near by. Again on February 10, 
1929, the air temperature was —27° at Estancia, as compared with 
a temperature of 25° under a 6-inch blanket of snow in the hiberna- 
tion material of oak leaves and pine needles in cage 11 near by. 
(Fig. 12, A.) At the same time the temperature in. the hibernation 
material in the adjacent cage 10, where Russian thistles were used, 
was —1°. (Fig. 12, B.) Weeds hold the blanket of snow off the 
ground and permit lowering of temperature. The water content of 
i inch of snow may vary from 0.03 to over 0.10 inch,^ according to 
temperature, altitude, etc., and this variation may affect its insulat- 
ing properties. 

DRAINAGE 

A comparison of the results obtained from cages 5 and 8 shows that 
drainage is a factor of importance in the successful hibernation of the 
beetle. Both cages were located on the northern exposure under 
similar climatic conditions and with the same type of hibernation 
material. The former cage had good drainage, while the latter stood 
on ground that was constantly wet by seepage. During the seasons 
of 1925-26 and 1926-27 the percentage survival in cage 5 was 22.24 
and 28.29, respectively, while in cage 8 it was only 1.83 and 10.32. 

TIME OF KILLING FROST 

Tlie time at wliich the first killing frost occurs is an important 
factor in winter survival. From 1923 to 1928 the time of the first 
killing frost ranged from September 14 to October 22, with Sc])tember 
23 as the average. The growing season in the Estancia. Valley is 
comparatively short, and the reproduction |)eriod of the M’exican Sean 
beetle is still shorter, for tlie beetles do not emerge from hibernation 
until stimulated by the summer rains; Counts of overwintered 
beetles in the same field in the foothills for the six summers showed 
that the largest population of old beetles was present from July 8 to 
20, with July 14 as the average date. The developmental period 
from egg to adult ranges from 40 to 45 days during the summer. 
When the killing frost occurs early and destroys the bean, which is 
the only host plant in the valley, a large percentage of the newly 

5. Howard, N. F., and English, L. L, sthdiiss of the Mexican bean beetle in the southeast. 
IJ. S. Dept. Agr. Bui. 1243, srp., Ulus. 1924. 

« Thomas, F. L. life hlstory and control of the Mexican bean beetle. Ala, Agr. Expt. Sfca. 
Bui. 221, 99 p., illUvS. 1924. 

■ Data from correspondence with C. F. Liiiner, U. S. Weather Bureau, Santa Fe, N. Mex. 
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em,erged beetles are forced into hibernation in a weakened condition^ 
and the Mbernatioii period is lengthened. On the other hand, a late 
killing frost prolongs the feeding period and shortens the hibernation 
period. It is therefore evident that a variation of 38 days in tlie 
occurrence of tlie killing frost in autumn is indirectly a factor in the 
successful hibernation of the insect. 

PROXIMITY OF HIBERNATION QUARTERS AND SEASONAI. RAINFAin 

In the West the Mexican bean beetle is not a major pest in any 
bean-growing district which does not have siiitable liibernation quar- 
ters coniparatively close to the bean area (within 50 to 70 miles) and 
which does not have a seasonal rainfall of at least 5 inches rather 
evenly distributed over the hibernation period. Furthermore, this 
beetle has never been reported as a serious pest where a well-defined 
dry hibernation season occurs, especially when the dry season is coin- 
cident with liigh temperatures. In the diy-farmed area in eastern 
Colorado, for example, the beetle is not known to occur, and in Union 
County, N. Mex., it has never been a pest of economic importance. 

HIBERNATION IN RELATION TO ALTITUDE 

Considered independently of all other factors, and within certain 
limits, there seems to be no close relation between altitude and suc- 
cessful hibernation of the bean beetle, as is shown by the results for 
cages 4 and 7, located in the ponderosa pine zone. (Table 3.) In 
cage 4 a small quantity of juniper needles was used with oak leaves 
instead of pine needles as was the case in cages 7 and 11. 


Table 3. — Effect nf altitude on hibernation of Mexican bean beetles 




Beetles surviving 

Cage No. 

Elevation 

1923-24 

1924-25 

1925-26 

1926-27 

1927-28 

1928-29 


Feet 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

4 

8,400 

4. 15 

0.45 

2. 40 

16. 53 

0. 30 

6. 88 

7_ -J 

7,000 

23. 50 

7. 26 

36. 24 

16.22 

2. 30 

::i 58 

11 ' 

6, 100 



21. 80 

2. 06 

. 92 

1. 12 


The data for 1923-24, 1924-25, 1925-26, and 1927-28 show that a 
larger percentage of the insects sui-vived at the lower elevation than 
at the liigher. The figures for 1926-27 and 1928-29, on the otlier 
hand, show a greater survival at the higher elevation. In the case 
of cage 11, at a still lower elevation, the survival was sniidlcr for tiu'se, 
two seasons, but larger in 1925-26 and 1927-28 than in cage 4 at the 
highest elevation. 

These conflicting data indicate that elevation alone has no real 
significance within the zone of successful hibernation. It is known 
that the altitude of the ponderosa pine zone ranges from 6,850 to 
8,400 feet on the eastern exposure and from 8,000 to 9,000 feet on the 
western exposure, with a gi-eat variation on the northern and southern 
e.xT^osures in the Manzano Mountain Eange. Pearson * has found that 
temperature and moisture, not elevation, are the limiting factors in 
the distribution of trees in the Southwest. 


8 Pearson, G. A. forest ttpes in the southwest as determined by climate and soil. U. S. 
Dept. Agr, Tech. Bui. 247, L44 p., illus. 1931. 
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RELATION OF EXPOSURE TO SURVIVAL OF BEETLES 

The results of six seasons' work, as shown in Table 4 , justify the 
conclusion that exposure, at least so far as locations on eastern, south- 
eastern, and northern slopes are concerned, affects the survival of 
beetles under mountainous conditions in N ew Mexico . The important 
factor in this connection seems to be the topography of the locality 
as it governs the intensity or degree of shade/ Where the hills are 
low and the slope is comparatively short, as is the case with the 
situation of cages 5 and 7, exposure considered apart from other fac- 
tors seems to have no real significance within the zone of hibernation, 
but it has an important bearing upon beetle mortality in hiberna- 
tion during certain seasons. The locations of cages 5 and 7 were 
similar as to topography, drainage, elevation, flora, soil, and hiberna- 
tion material, and their close proximity permitted precipitation stim- 
ulus to affect the beetles in the two cages similaiiy.^ The only 
important difference was in exposure. 


Table 4. — Effect of elevation and exposure on hibernation of Mexican bean beetles 


1 

C3age No. 

Eleva- 

tion 

Exposure 

Beetles surviving 

1923-24 

1924-25 

]925-26 ' 

1926-27' 

1927-28 

1,928-29 


Feet 

8, 400 
8,400 
7, 050 
7, 000 
6,075 

North- 

Per cent 

Per cent 

0 

0. 45 
10. 03 
7, 26 

Percent 

0 

2.40 1 

22.24 i 

36.24 , 
1.83 

Per cent 

1. 12 
16.53 
28.29 
16. 22 
10. 32 1 

Per cent 

0 

0.30 

.75 

2.30 

l.SO 

Per cent 

0 

6. 88 
2. 95 
3. 58 
.04 

4 

Southeast 

4. 15 

f) 

North-. 

7 

East 

23. 50 

8 

North 






There was no cage in operation on the northern slope during the 
season of 1923-24. During the winters of 1925-26, 1927-28, and 
1928-29 more insects survived in cage 7 on the eastern slope than in 
cage 5 on the northern. In 1924-25 and 1926-27, however, more 
beetles hibernated successfully on the northern slope. The average 
survival for the live winters sliows no significant difference for the 
two exposures, being 12.24 per cent for the northern and 11.55 per 
cent for tlie eastern. When each year is considered separately, 
however, and such otlier factors as sunliglit, evaporation, teinperatiire, 
and soil moisture are taken into consideration, it is evident that 
exposure has a direct influence on the beetle during its dormant 
period. It will be shown later that in 1924-25 and 1926-27, when 
more beetles survived on the northern than on the eastern slope, the 
winters were followed by mild, dry springs, whereas in 1925-26, 
1927-28, and 1928-29, wlxen moi'e beetles hibernated on the eastern 
slope, the springs were cold and wet. A study of beetle hibernation 
on any one exposure will therefore not give a true index of winter 
mortality from season to season, as is indicated in Figure 11. 

Where the slope is steep and the distance from the cage to the top 
of the slope is comparatively great, as in cages 2 and 4, exposure con- 
sidered apart froixi other factors seems to have a real significance. 
These two cages were located at the same elevation less than 300 yards 

9 Douglass, J. K, peecipitation as a factoe in the emergence of eph.achna courupta from 
IIIBERNATION. Jour. EoOH. But. 2U 203-213, Ulus. 1928. 
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apa^rt on an eastern spur of Bosque Mountain. Ca..ge 2 was near* the 
lower edge of the fir-spruce association and cage 4 at the upper edge 
of the ponderosa pine zone, as in this vicinity the Canadian and 
Transition Zones dovetail into each other on account of the topography 
and slope exposure. The general air temperature and the precipitation 
occurring over the two cages were obviously very nea;rly tlie same. 
Cage 4, located on the southeastern slope, was exposed to the sim^s 
rays longer than cage 2 on the northern slope; consequently, the 
evaporation was greater and the temperature of the duff higher on the 
southeastern slope. Because of the lower temperature the snow lasts 
longer on the northern slope, which makes it appear to have more 



1923-2^ I92A-25 1925-26 192 6-27 1927-28 I928-29 

Figure II.— Percentage of beetles surviving hibernation in different cages 


moisture than the warmer slopes of the mountain. Diiring the last 
five seasons of the experimental work 14,000 beetles were introduced 
into cage 2 and 8,500 into cage 4. In cage 2, 28 beetles survived and 
in cage 4, 468. (Table 2.) From these results it is apparent that 
at the same elevation in cages 300 yards apart more beetles may 
survive in one exposure than in the other. 

^The important part played by slope exposure and topography in 
winter mortality may be shown instill a different way by comparing 
tile data given in Tables 1 and 2 for cage 8 with those for the neigh- 
bonng cage 7. During the four seasons beginning with 1925-26, 
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the average survival of the 40,000 beetles in cage 7 on the eastern 
slope was 12.08 per cent as compared with 3.16 per cent for the 
25,000 beetles in cage 8 on the northern slope. These data indicate 
that within the lower part of the ponderosa pine zone, the beetle^s 
natural hibernation quarters in the West, there are certain localized 
areas that are not suitable for successful overwintering on account 
of the topography and slope exposure. 

HIBERNATION IN RELATION TO TEMPERATURE 

A study of the monthly minimum temperatures at Estancia and 
Tajique (Table 5) for the hibernation seasons under discussion, in 
connection with Table 2, shows that the lowest temperatures occurred 
in years that were favorable to hibernation. During the winter of 
1924“25, when -“17° F. was recorded for Tajique, 10.03 per cent of 
the. beetles introduced into cage 5 overwintered. Again during the 
season of 1925-26, -”24° was recorded at Estancia and 21.8 per cent 
of the beetles survived in cage 11. The lowest temperature ( — 26°) 
occurred at Estancia and yet beetles survived this low air temperature, 
while in the fir-spruce association on Bosque Mountain (Rea/s ranch), 
where the lowest temperature recorded in five years was — 15°, there 
was 100 per cent mortality in the cages in four out of five years of the 
investigational period . 


Table 5. — Monthly niinim/um temperatures at Estancia and Tajique^ N. Mex.<, 
and the lowest monthly temperatures recoi'ded at Rea’s ranch, 1923-24 to 1928-29 


station 

Season 

Octo- 

ber 

No- 
vember 1 

Decem- 

ber 

Janu- 

ary 

ITebru- 

ary 

March 

April 

M:ay 

June 


fl923~24„.-. 

23 

1 

°F, 

-16 


°F, 

-2' 

°F. 

8 

15 

^F. 

27 

° F. 

'33 


1 924-25-... 

17 

2 

-26 

-11 

8 

3 

21 

27 

30 

Estancia.. 

1925-25-. 1. 

11 

4 

-5 

-24 

5 

0 

20 

23 

39 

1926-27.... 

18 

12 

-16 

-1 

12 

10 

19 

28 

31 


1927-28-.-- 

17 

4 

-10 

-5 

-5 

11 

1 

29 

35 


1 1928-29... _ 

21 

13 

-1 

-4 

-22 

8 

15 

17 

35 


1923-24..-. 

12 

—2 

-2 

2 

-1 

3 

13 

24 

31 


1924-25-.. 

20 

10 

-17 

~4 

1 14 

10 

22 

32 

33 

Tajique 

1925-26-... 

24 

4 

0 

-4 

10 

0 

24 

23 

38 

1926-27--. 

15 

15 

-10 

12 

13 

1 5 

20 

26 

35 


1927-28-.,. 

20 

13 

-13 

-4 

-3 

8 

-4 

30 

34 


,1928-29 

19 

10 

-1 

-~2 

-13 

i 1 

13 

13 

34 

Estancia-.. - 

Lowest 

11 

1 ! 

-25 

-24 

-22 

0 

1 

17 

30 

Tajique 

do— 

12 

-2 

-17 

-4 

-13 

0 

™.4 

13 

31 

Rea’s ranch 

—do ' 

14 

0 

-6 

-8 

-15 1 

-1 

10 



12 

23 


« Temperatures for period 1913 to 1917; no weather station in operation during the investigational period. 


The weekly themiograph records showing the temperatures of the 
air and of the hibernation material, as presented in Figure 12, illus- 
trate why beetles under the cover of hibernation materials are able to 
survive during periods when the air temperatures above the materials 
are extremely low. Dining periods of subzero weather the ground is 
usually covered with snow, the protection of which is discussed else- 
where in this paper. The records for April 9, 1928, and M ay 2, 1929, 
show that the high mortality occurring during the seasons of 1927“28 
and 1928“29 was not caused by low air temperature on these dates, 
as the teinperature of the hibernation material did not go below 
30° F. 
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?iGiTBE 12.— Weekly thermograph records showiag the temperatures o®he air and of the hibemation 
material. A is a record taken in'cage 11, in^which the hibernation material consisted of oak leaves and 
pine needles, whereas B is a record for the .same period iaadlacent cage 10, where Russian t histles were 
used. In all other cases the hibernation material consisted of oak leaves and pine needles 
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In Table 6 and Figure 13 it is found that the mean minimum tem- 
peratures for November, December, and January are lower at Estancia 
than at Rea/s ranch on Bosque Mountain or in the foothills (Tajique), 
while from February to June, inclusive, these temperatures are lower 

on the mountain than in the foothills or 
valley. Of the beetles introduced over a 
period of five years into cages located on 
the mountain (Nos. 1, 2, and 3), none sur- 
vived except during the season of 1926™27, 
when the monthly mean minimum tem- 
perature from January to April, inclusive, 
at Estancia and Tajique rose 19.3° and 
15.5° F., respectively, above the average 
mean for this period. This mild season, 
which prevailed generally over the area, 
permitted successful hibernation even at 
the higher elevations. This is best illus- 
trated by the results obtained in cage 4 at 



8,400 feet elevation, where the average sur- 
vival for the mild season of 1926-27 was 
16.53 per cent as compared with 3.57 per 
cent for the other five seasons. In cage 8 
also during the mild season 10.32 per cent 
of the beetles survived as compared with 
an average of 1.38 per cent for the season 
preceding and the two seasons following the mild winter. It will 
therefore be seen that the temperatures of the latter part of the hiber- 
nating period have the greatest influence on survival. 


PRET.IPITATION (INCHES) 

Figuke 13.— Climograph showing 
mean monthly minimum tempera- 
tures at Estancia, Tajique, and 
Rea’s ranch, N. Mex. 


Table 6. — Monthly mean minimum temperatures at Estancia and Tajique^ 
N. Mex., and the mean of the monthly mean minimum temperatures there and 
at Rea’s ranch, 1923-24 to 1928-29 


station 

SeawSon 

Octo- 

ber 

No- 

vember 

1 

Decem- 

ber 

Janu- 

ary 

B'ebru- ! 
ary ' 

March 

i April 

Miiy 

June 


f 1923-24---. 

°F. 

32.8 

°F 

23.3 

^F. 

16.8 

^F. 

12.' 1 

°F. 

18.4 

°F. 

21. 7 

°F. 

i 29. 2 

39. 4 

°F. 

47. 1 


1924-25-.-- 

30. 3 

19.4 

7.2 

8.8 

20. 6 

22. 4 

30. 2 

39.8 

46. 2 


1925-26 

33. 3 
33.8 

17.1 

9.2 

-2.1 

18. 3 

22. 1 

30.8 

36.0 

45. 8 


1926-27,..-. 

24.0 

9. 8 

21. 8 

25. 5 

24. 2 

32. 1 

37. 5 

45. 6 


1927-28-..,. 

28.2 

26.6 

11.3 

11.3 

19. 6 

26. 0 

30. 1 

40. 7 

46.9 


1928-29--.. 

37. 5 

26.0 

15. 6 

16.1 

11.9 

26.4 

29,4 j 

40. 4 

47. 2 


f 1923-24 .... . 

31. 1 

22.6 

16. 6 

13. 0 

,19. 6 

20. 3 

27.8 

38. 0 

46,9 


1924-25--. 

30.8 

24.4 

13.2 

11. 1 

23.8 

26. 8 

32.6 

41. 6 

47.1 

Tajique™ 

1925-26-.-. 

35. 3 

23.4 

16. 6 

10.9 

23.0 

22.0 

33. 0 

26. 6 

44,2 

' 1926-27 

35. 3 

27.2 

14.2 

21.4 

26. 3 

23. 9 

32. 8 

37.4 

43. 2 


1927-28.... 

31. 1 

30.8 

12.9 

19.1 

16.7 

25.4 

28.6 

38.8 

50. 4 


,1928-29...- 

36.3 

22.6 

15.1 

13.4 

11.2 

23. 1 

27.8 

37. 9 

46, 0 

Estancia,. 

Mean 

32.7 

22,4 

11.5 

11.2 i 

19. 0 

24. 0 

30.3 

39.0 

46. 6 
46. 3 

Tajique-. 

__.do 

33.2 

25. 2 

14.8 

14.8 1 

20. 1 

23. 6 

30. 4 

38.4 

Rea’s ranch « 

—do. 

33. 0 

26.4 

14.8 

16.3 

17.3 

19. 3 

28.9 

37.0 

46. 0 


« Data recorded between 1913 and 1917. 


A further study of Table 6 shows that for Estancia during the 
hibernation season of 1925-26 the sum of the monthly mean minimum 
temperatures for November to March, inclusive, decreased 23.5° F. 
from the sum of the means for the same period. During this season 
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21.80 per cent of the beetles introduced into cage 11 survived as 
compared with an average survival of 1.54 per cent for the three 
succeeding years. (Table 2.) These conflicting data show that other 
important factors besides air temperature are exerting an influence 
upon the winter mortality of bean beetles. 

HIBERNATION IN RELATION TO TEMPERATURE AND 
PRECIPITATION 

The moisture requirements of the beetles vary directly with the 
temperature, as is indicated in Table 7, which gives the relation 
between beetle survival and the average seasonal temperature and 
precipitation at stations in various parts of the range of the beetle in 
this country. 


T.4.BLE 7 . — Average seasonal temperature, precipitation, and beetle surinvai at 

several stations 


vStation 

Period 

Hibernation period 

I 

Temper- 

ature 

Frecipi- 

tdition 

Beetle 

survival 

Tajiciue, N. Mex 

1923 to 1929- 

October to .Tune 

I 40. 35 

Inches 

12,47 

Per cent 
« 12. 60 

R.p.fl,’s rq,nfih N Mpx' 

' 1924 to 1929- 

.. do 

35. 94 
42. 71 

18,08 

. II 

Columbus, Ohio.- . 

1925 to 1929 

October to May 

23. 76 

}) 1 

Amesville, Ohio - 

.do 

__ ..do 

43.94 

24. 64 
30. 36 

» 2, 38 

Birmingham, Ala 

1920 to 1928 

November to April — 
do - 

52.83 

h 15.41 

Clemson College, vS. C 

1924 to 1929- 

50. 12 

27. 43 

15. 76 


» For cages 5 and 7. 

^ From unpublished data by N. F. Howard, Bureau of Entomology. 

« For Athens, Ohio. 

Calculated from data given by Eddy, C. O., and Clarke, W. H. the Mexican bean beetle, :i927~ 
1928. S. C. Agr. Expt. Sta. Bui. 258, 42 p., illiis. 1929. 

The climographs for these stations, presented in Figure 14, show the 
average monthly temperature and precipitation during the hiberna- 
tion period under discussion. 



Figure 14.— Climograph showing mean monthly temperatures and precipitation in dilTerent 
parts of the range of the Mexican bean beetle in the United States 


The average temperature at Tajique, N. Mex., is 2.36° F. lower 
than at Columbus, Ohio. From the standpoint of temperature, 
therefore, Columbus is more favorable for winter survival, but exces- 
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sive moisture combined with low temperature makes it unfavorable for 
siiccessful hibernation Tajiqiie, on the other hand, with 11.29 
inches less moisture, is favonrble for survival. There is little diflnr- 
ence in the percenta,ge survival at Birmingham, Ala., and Tajique, 
N. Mex.; yet the latter station is 12.48^ colder and has 17.89 inches 
less precipitation , 

A few beetles have lived 3 days submerged in running water, 
although the mortality was high on the first and second days. Beetles 
in perforated salve boxes containing oak leaves placed under a dripping 
faucet lived from 1 to 12 days, but heavy mortality occiirred between 
the first and fourth days. 

HIBERNATION AS AFFECTED BY CLIMATIC FLUCTUATIONS 

SEASONAL FLUCTUATIONS 

The data in Table 8 and the climographs for Estancia and Tajique 
(fig. 15) show large variations, from season to season, in temperature 
and precipitation for corresponding months during the hibernation 


I9Z3-Z4 l‘gZ4-25 igZ5-2B 



PRECIPITATION (INCHES) 

Figuek 15.— Climographs for Estancia and Tajique, N. Mex. 

period. This fluctuation in climatic conditions seems to be the most 
important factor affecting hibernation in the same cage. A single 
departure from the normal is not always important, but the combina-' 
tion or the sequence of such departures is important. 
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Table S.—CU-m.atic data for Estancia and Tajiquej N, Mex,, 192S-24 to 1928-29 
MONTHLY MEAN TEMPERATURES 


Station 

Hiberna- 
tion sea- 
son 

Sept. 

Oct 

Nov. 

Dec. 

.Tan. 

Feb, 

Mar. 

Apr. 

Ma;y 

J line 

July 



° F. 

o p 

° F. 

° E. 

0 p 

0 p 

F. 

0 p 

° F. 

° E. 

° F. 


(1923-24 

60. 3 

47.8 

39.3 

30.2 

30.7 

36. 2 

37. 1 

47. 5 

57.8 

69. 1 

69. 7 


1924-25 

61.8 

52.1 

41.6 

1 24.8 

27.2 

39. 0 

44. 7 

52. 9 

60. 7 

()7. 1 

72. 6 


1925-26 

62.3 

52.0 

38.9 

30.1 

18.8 

37. 6 

39. 5 

47. 7 

55. 7 

66. 0 

67. 4 

Estancia - 

1926-27 

63.9 

53.6 

1 42.1 

27.3 

35. 6 

39.8 

41.3 

50.0 

60. 2 

64. 5 

70. 4 


1927-28 

62. 5 

51.8 

45.6 

28.2 

32. 5 

32.4 

42. 9 

47. 1. 

56. 8 

66. 6 

68. 4 


1928-29 

59.7 

53.2 

38.4 

30. 3 

30.5 

27. 1 

39.2 

47. 5 

56. S 

64. 7 

()8. 5 


'1923-24 

53.6 

42.4 

33.8 

26.8 

25.2 

32.0 

31.0 

41. 4 

51. 8 

63. 0 

62, 4 


1924-25 

55.4 

46.2 

38.7 

25.4 

22.8 

34.2 

40.2 

46.6 

54. 8 

61.0 

64. 8 


1925-26 

56.7 

48.0 

36.5 

28.5 

22.8 

34.6 

34.2 

43. 6 

50. 8 

6.0.6 

61, 8 

Tajique 

1926-27 

60.0 

49.5 

39.1 

27.1 

33.5 

35.2 

37. 2 

46. 4 

54. 6 

58. 6 

64. 2 


1927-28 

55.6 

46.8 

42.4 

24.9 

32.4 

27.9 

38.1 

42. 2 

50. 9 

64. 4 

64. 3 


1928-29 

56.0 

49.0 

34.3 

28.0 

26.9 

22.9 

34.8 

42.8 

50. 7 

61. 0 

62. 9 


MONTHLY PRECIPITATION 



(1923-24 

Inches 
0. 91 

Inches 
2. 51 

Inches 

1.78 

Inches 
1. 02 

Inches 

0.07 

Inches 
0. 30 

Inches 

0.59 

Inches 

0.42 

Inchesi 
0. 70 

Inches 
0. 26 

Inches 

1.88 


1924-25 

.24 

.05 

.32 

1.09 

.30 

.20 

.04 

.08 

.33 

. 65 

2. 03 

Estancia 

1925-26 

.99 

.82 

.13 

.58 

.70 

.02 

1. 54 

1. 43 

1.37 

. 63 

2. 20 

] 1926-27 

1.65 

.97 

.15 

2.64 

.06 

.64 

.05 

.37 

C“) 

3. 50 

2. 30 


1927-28 

2. 13 

(“) 

.02 

.20 

0 

. 73 

.13 

.39 

3.47 

(«) 

.74 


11928-29 

.36 

1.14 

.67 

.23 

.03 

.88 

1.31 

(“) 

3. 35 

3. 75 

. 07 

5. 47 


(1923-24 

.57 

2,66 

2. 90 

3.23 

.53 

2. 49 

1.98 

.92 

. 02 

5. 41 


1924-25 

.40 

.43 

.65 

1. 77 

.61 

.44 

.26 

.24 

.38 

.51 

2.62 

Tajique 

1925-26 

1. 14 

1.37 

.23 

1.39 

1.69 

.23 

4.24 

2.09 

2. 55 

1. 47 

2. 14 

1926-27 

1.95 

1.63 

.35 

3. 77 

.32 

1.60 

.99 

1. 38 

.51 

1. 86 

1. 70 


1927-28 

2.57 

.11 

0 

1.43 

0 

2.06 

.44 

1.80 

4. OS 

.05 

2. 98 


11928-29 

.47 

1. 72 

1.13 

.31 

.21 

1.63 

2. 09 

.05 

0. 42 

.68 

6. 50 


TOTAL MONTHLY SNOWFALL (UNMELTED) 


Estancia. 


Tajique. 




Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 



1923-24 


4.5 

4.5 

13.5 

1.0 

3,9 

10.2 

2,2 

0 



1924-25 


0 

0 

13.2 

7.2 

1.5 

0 

(“) 

0 



1925-26 


(a) 

.6 

5.0 

10.0 

.2 

10.5 

0 

0 



11926-27 


2.0 

0 

9.3 

(a) 

1.0 

.2 

1.0 

0 



1927-28 


0 

0 

4.8 

0 

12.0 

.5 

4.5 

(") 



[1928-29 


0 

3.0 

1.0 

(“) 

18.0 

10, 0 

0 

1.0 



(1923-24 


25.5 

21.0 

46.5 

7.0 

29. 0 

19. 7 

20. 7 

p 5 



1924-25 


.5 

0 

27.2 

11.3 

3.3 

.5 

0 

0 



1925-26 


(") 

3.0 

13. 6 

24.6 

2.7 

37.8 

(«) 

(«) 



1926-27 


6.5 

.8 

39. 3 

3.0 

8.1 

S.O 

13.0 

1. 0 



1927-28 


0 

0 

21.2 

0 

31. 2 

(«) 

17. 1 

19. 4 



[1928-29 


.2 

9.5 

4.8 

3.9 

26.6 

19. 0 

(«) 

2. 0 

"'"’i 




* Trace. 


The_ departures from the normal of temperature and precipitation 
at Tajique are shown in Table 9. 

During the season of 1923-24 the fall was relatively cold and wet, 
and it was followed by a cold, damp winter with the heaviest snowfall 
on record. May was nearly normal in temperature, but far below 
normal in precipitation. June was hot and dry, so that emergence 
from hibernation was delayed until the July rains. As a whole the 
hibernation season was the coldest a,nd wettest recorded. However, 
the winter was favorable for hibernation because the beetles were well 
protected by a heavy blanket of snow during the cold months, and a 
mud dry spring followed which was imfavorable for the parasitic 
fungus Beaumria globulifera. In cage 7, on an eastern slope, 23.5 
per ceiit of the beetles sirrvived. It is thus apparent that certain 
determining factors (in the present instance temperature and pre- 
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cipitiition as they afTect the development of ]:)iU‘asitic fungi) may be so 
influenced by other determining factors, such as form of precipitation 
(snow instead of rainfall) or the time of occurronee of the precipitation, 
as to counteract the uid'avorable effects of the first factors. 


Table 9. — -Departures from the normal of temperature and precipitation, at Tajique, 
N. Mex., 1923-24 to 1928-29 

[7,100 feet elevation] 

TEMPERATURE 


MT)ii1;h 

1923-24 

1924-25 

1925-26 

1926-27 

1927-28 

1928-29 


° F. 

° F. 

“ F. 

° F, 

° F, 

0 

October - - 

-4.2 

-0.4 

+ 1.4 

+2.9 

+0.2 

+2.4 

November 

-3.3 

+1. 6 

-.6 

+2.0 

+5. 3 

-2.9 

December 

-1.8 

-3.2 

-.1 

-1.5 

-3. 7 

-.0 

January 

-3.1 

-5.5 

-5.5 

+5. 2 

+4.1 

-1.5 

February 

+1.0 

+3.2 

+3.6 

+4.2 

-3. 1 

-8.1 

March 

-4.8 

+4.4 

-1.6 

+1.4 

+2.3 

-1.0 

April — 

-1.8 

+3.4 

+.4 

+3.2 

[ +1.0 

+.6 

May -- 

-.4 

+2.6 

-1.4 

+2.4 

— 1.3 

-1 5 

June. - 

+2.7 

+.1 

-.3 

-2.3 

1 +3.5 

-.1 

Seasonal average — 

-1.8 

+.7 

1 

-.5 

+2. 0 

+.9 

-1.4 

PRECIPITATION 


Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

October 

+1.34 

-0. 87 

+0. 05 

+0. 31 

-1.21 

+0. 40 

November 

+2.11 

-.14 

56 

-.44 

79 

+. 34 

December — - 

+1.75 

+. 29 

-.09 

+2, 29 

05 

-1.17 

January - 

-.39 

-. 31 

+. 77 

-.60 

92 

-.71 

February... 

+1.24 

-.81 

-1.02 

+.35 

+.81 

+. 38 

March 

+.55 

-1. 17 

+2.81 

-.44 

99 

+.60 

April 

+1.85 

-1. 26 

+. 59 

-.12 

+. 30 
+2. 01 

1 -1.45 

May... 

-1. 15 

-1. 69 

+.48 

-1.56 

+4. 35 

June-... 

-.53 

-.64 

+.32 

+.71 

”1, 10 

-.47 

Seasonal average - . 

+. 76 

-.73 

+.37 

+.05 

-.21 

+. 26 


The season of 1924-“25 was mild and dry, except for December and 
January, which were cold, with a good protection of snow. The 
precipitation was well distributed throughout the hibernation period, 
but the deficiency was too great for favorable hibernation. On the 
eastern slope (cage 7) 7.26 per cent and on the northern exposure 
(cage 5) 10. ()3 per cent of the beetles hibernated, indicating that the 
deficiency of inoisture in the hibernation material was greater on the 
eastern than on the northern exposure. 

During the season of 1925“~26 the fall temperature was moderate 
with a slight deficiency in inoisture. The winter was variable, with 
a good blanket of snow during the cold months and an excess of 
moisture in March. The spring was slightly above normal in pre- 
cipitation, which stimulated emergence in June. The season as a 
whole was nearly normal and favorable for overwintering. In the 
cage on the eastern slope 36.24 per cent and in that on the northern 
slope 22.24 per cent of the insects overwintered, indicating that the 
northern exposure received a slight excess of moisture above the 
optimum. 

The season of 1926-27 was the warmest on record, with a slight 
excess of precipitation. December was the wettest month and May 
the driest. The spring was hot and dry, which conditions increased 
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mortality on the eastern slopes and decreased the death rate on the 
northern. On the eastern exposure 16.22 per cent oi the beetles 
hibernated as compared with 28.29 per cent on the northern (pposiire. 
The excess I'ainfall in June stimulated einei'genee and tlius deei-eased 
the length of the hibernation period. 

The season of 1927-28 was comparatively warm, witli two winter 
months below normal in temperature and six of the nine inonths 
deficient in precipitation. January was warm, clear, and exceed- 
ingly dry, the driest on record. ^ May was below normal in tempera- 
ture, and above normal in precipitation. Snow fell during December, 
February, April, and May; the amount falling in May was the largest 
recorded for that month. (Table 8.) June was hot and dry, and 
emergence of the beetles was delayed until the July rains. The 
season as a whole was slightly above normal in temperature, with a 
small decrease in precipitation. On the eastern exposure 2.30 per 
cent of the beetles survived the winter, and on the northern exposiu'e 
0.75 per cent. 

For the winter of 1928-29 October and April were above n()rmal in 
temperature, October being one of the warmest on .record. The 
other months were below normal in temperature, February being 
the coldest — ^in fact, it was the coldest February recorded. March 
was cold and wet, with a heavy, wet snowfall on the 27th and 28th. 
Five of the nine months had an excess of precipitation, that for .May 
being the greatest on record. June was warm and dry, with a slight 
precipitation which occurred at the close of the month. Eniergerice 
from hibernation was delayed until the July rains. The season as a 
whole was cold with a slight excess of precipitation. It was un- 
favorable for hibernation. In the cage on the northern slope 2.95 
per cent of the beetles survived as compared with 3.58 per cent on 
the eastern slope. 

Figure 11 shows that the seasons of 1923-24, 1925-26, and 1926 27 
were favorable for winter survival, that 1924-25 was fair in this respect, 
and that 1927-28 and 1928-29 were the least favorable. The sea- 
sonal average departures from normal temjjerature and pre(‘i])itati()n, 
as given in Table 9, show no correlation with winter survival. T\\oy 
do, however, fall within the seasonal variations in survival for the 
good winters. The only significant relationship is shown between tlie 
comparatively uniform seasons of 1923-24 and 1924-25, tlu^- cool, 
damp winter being more favorable for survival than the wa.rm, 
dry season. 

EFFECT OF A COVERING OF SNOW IN RELATION TO TEMPERATURE FLIJGTUATIONS 

Tables 8 and 9 show a great variation in monthly temperatu res from 
season to season at Tajiqiie. For example, the temperatures in 
January, 1926 and 1927, showed a variation of 10.7° F. Tlie snow- 
fall for these months (Table 8) was 24.6 and 3.0 inches, respcHdively. 
In 1925-26, 36.24 per cent of the beetles survived in cage 7, as com- 
pared with 16.22 per cent in the same cage in 1926-27. March in 
1924 and 1925 varied 9.2° in temperature, with 19.7 and 0.5 inches, 
respectively, of snowfall. In cage 7, 23.54 per cent of the l)eetl(‘s 
survived in 1923-24 as compared with 7.26 per cent in 1924-25. 

^ The mean temperature at Tajique for January, 1925, and for 
January, 1926, was 22.8° F., with 11.3 and 24.6 inches of snowfall, 
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and in 1924-25 and 1925-26, 7.26 and 36.24 per cent of the beetles, 
!‘(^s})ectively, survived in cage 7, • Of the beetles in cage 11 (at 
Estaiuia), 21,80 per cent survived during the winter of 1925-26, when 
Iho iiionlhly iiKum teinperature decreased to 18.8^ for Janiiary with a 
l()-in(‘h snowfall. The tnean inininunn teinperature for this month 
was ” 2 . 1 (Table 6 . ) 

These data show that during the coldest months of the year the 
beetles are iisually well protected by a blanket of snow and that when 
there is sufficient covering of snow very few are killed. The lowest 
temperature recorded in the last three seasons by distant thermo- 
graphs measuring temperature of natural hibernation material of oak 
leaves and pine needles was 16° F. In the Southwest the coldest 
periods follow snowfalls and are accompanied by clear weather. 

PRECIPITATION FLUCTUATIONS 

During the season of 1923-24, October, November, and December 
had an excess of precipitation of 1.34, 2.11, and 1.75 inches (Table 
9), and during the season of 1925-26 March had an excess of 2.81 
inches. In 1926-27 December had an excess of 2.29 inches. This 
excess precipitation during the months mentioned had little effect on 
mortality, which indicates that these are not the critical months in the 
hibernation of the beetle. During the season of 1923-24 April had an 
excess of 1.85 inches of moisture without any great effect on the 
mortality of beetles in hibernation. In 1927-28 May was apparently 
the critical month in the hibernation of the insect. The heavy snow- 
fall during April and May (Table 8) was evidently the cause of the 
high mortality, especially that in May, when precipitation occurred, 
on 14 days. This conclusion is supported by the fact that 4.92 per 
cent of the beetles survived in cage 6, from which precipitation was 
excluded after May 10, as compared with 2.30 per cent survival in 
cage 7 near by. 

During the season of 1928-29 May was cool and the precipitation 
recorded was the greatest, indicating that this was the critical inonth 
of the season. In cage 7, 3.58 per cent of the beetles survived as 
( ompaied with 1.52 per cent in cage 6. The greatest mortality must 
hav(' o((urred before May 10, when natural precipitation, was ex- 
cluded Jiom cage 6. This indicates that heavy precipitation in the 
form of rain in. May, 1929, was not so detrimental as the heavy snow- 
fall in May, 1928. ' The critical period must therefore have been sub- 
sequent to the heavy snowfall on M^arch 27 and 28. Following this 
period there were 10 days in which the mean temperature averaged 
42.7° F. as compared with 45° for the 10-day period subsequent to the 
heavy snowfall on May 11 and 12, 1928. The weather conditions 
during these periods were very favorable for the iimgus Beameria, 
globulij^era, which caused high mortality among the hibernating 
beetles. Cage examination during the iatter part of April, 1929, 
showed that many had died before that time. 

Cage examinations during the period of hibernation showed that 
very few beetles are killed during complete dormancy in the natural 
hibernation zone and that the period of heavy mortality occurs with 
and immediately following the melting of the accumulated snow,; when 
the beetles are. .becoming •semiactive- and are ^absorbing .moisture. 
For. exam, pie, during the 1925-26, season beetles in cage 8 wene in fine 
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coiiclitioii until the snow began to melt, and cage examiiiatioii on 
April 8 indicated that a large 'percentage/)! thejn, would su,rvi\n. At 
this time the beetles were becoming semiactive, as five ot theni were 
up on the cage, evidently to avoid the excess moisture. Alter the 
snow began to melt on the northern slope, where this cage wa,s located, 
the hibernation material was saturated with moisture for a long time. 
Later examinations showed that the beetles were being killed by 
Beaumria globulifera, and on May 9 very few live ones were found , 
Only 1.83 per cent survived. During the warm, dry spring of 1927, 
10.32 per cent of the beetles survived in this cage, whereas in the wet 
springs of 1928 and 1929 only 1.80 and 0.04 per cent survived. 

SUMMARY AND CONCLUSIONS 

The hibernation of the Mexican bean beetle in the Upper Sonoran, 
Transition, and Canadian Life Zones has been studied in relation to 
the plant associations found therein. In the fir-spruce association of 
the Canadian Zone only 42 insects survived out of a total of 38,500 
placed in hibernation during the five seasons 1923-24 to 1928-29, 
inclusive. This survival occurred during an abnormally warm winter 
with nearly normal precipitation. In the ponderosa pine, or Transi- 
tion, zone, 133,340 beetles were used in six years (1923-24 to 1928-29, 
inclusive), with a total survival of 13,114, or 9.84 per cent. In the 
Upper Sonoran Zone 44,500 beetles were employed, with a survival 
of 1,210 adults, or 2.72 per cent. Under natural conditions hiberna- 
tion is confined to oak mottes found along canyon streams near tlui 
upper edge of this zone. The comparison of these results shows a 
consistent relationship between the zones and the percentage siirvival. 
The results indicate that the ponderosa pine forest zone is the natural 
hibernation quarters of the beetle in the Southwest and becomes more 
favorable when oak trees are present in the association. 

The accumulation of dust, the character of the hibernation material, 
and snow coverage during subzero weather have been found to affect 
mortality in hibernation. Drainage is also an important factor in 
hibernation, mountainous or hilly country being more favorable foi* 
winter survival than a low", fiat country when other couditions are 
similar. 

Elevation considered alone seems to have no sigiiificaiUM^, within the 
zone of successful hibernation. The determining factors at high 
elevations are temperature, precipitation, and exposure. 

In the pen derosa-pine forest zone during winters followed f)y mild, 
dry springs, the largest percentage of beetles survived in (*.ages on a 
northern exposure, w"hereas during winters followed l)y (‘-old, wet 
springs survival was greatest on an eastern exposure. A sunriy 
exposure may make hibernation possible in a location otherwise toc) 
cold or damp, 

^ Winter temperature is an important limiting factor in the distribu- 
tion of the Mexican bean beetle. Unless other factors are favorable, 
such as a covering of snow and the character of the hibernation 
material, the temperatures in many sections of the northern part of 
the United States and in Canada are rather low for successful 
hibernation. 

Precipitation is a major factor in successful hibernation. As the 
temperature decreases, so does the moisture requireinent or toleration 
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of the insect. The seasonal distribution of precipitation seems to be 
more iinpo:rt;ant than tlie quantity. Spring is the ci-itical period in 
hibernation. Rain is not so detriniental as snow in the spring, 
especially if the snow is wmd and heavy. 

The parasitic fungus Beauveria globulifera is capable of causing a high 
death rate among overwintering beetles. The optimum conditions for 
growth and i*eproduction of this fungus follow heavy snowfalls or damp, 
rainy weather in the spring when the mean temperature is between 42° 
and 45° F. 

Very few beetles are killed during complete dormancy; the period of 
heavy mortality occurs when the beetles become semiactive. 




OLFACTORY RESPONSES OP BLOWFLIES, WITH AND 
WITHOUT ANTENNAE, IN A WOODEN OLFACTOMETER ^ 


By N. E. McIndoo 

Senior EnioniologiM^ Division of Insect Toxicology and Physiology, Bureau of 
Entoniology, United States Department of Agriculture ' 

INTRODUCTION 

In 1924 the writer began a series of studies dealing with the tropisms 
of insects. Shortly after the work was started it became evident that 
if the fundamentals of attractants and repellents were to be studied, 
special apparatus for measuring or recording the responses of insects 
to these substances must be developed. Later the writer (5) ^ 
devised and perfected such an apparatus and called it an ^ insect 
olfactometer.” This type of apparatus was suitable only for slowly 
crawling insects, however, such as the Colorado potato beetle. Since 
1926 several other investigators have made and used other types of 
olfactometers, but most of these have proved unsatisfactory. 

In the spring of 1930 the present study was begun at the laboratory 
of the Bureau of Entomology at Takorna Park, Md. House flies 
were tested in. special wire-screen cages, and it was soon learned that 
the flies can readily distinguish differences not only between the four 
classes of substances that induce the four human attributes of taste 
but also between various sweet liquids. The method used was suit- 
able for determining the food preferences of flies as it let them come 
in contact with the substances to be tested, but it was not suitable 
for studying the fundamentals of attractants and repellents. After 
much work a satisfactory olfactometer was devised. This a-pparatus 
is called the wooden olfactometer to distinguish it from the glass 
olfactometer described by the writer in 1926. All attempts to use a 
modified form of the olfactometer made and successfully used with 
the Natal fruit fly (Oemtitis rubivora Coq.) by Ripley and Hepburn 
(7) were unsatisfactory for obtaining positive results quickly. 

The original plan was to make a special study of the *house fly 
{Musca (lomeMica L.), but as the blue-bottle blowfly (Ccilliphora 
erythrocephM^^^^^^ M eig. ) the green-bottle blowfly {Liidlia sericata 
Meig.), and the black blowfly {Phormia regina Meig.) reacted more 
satisfactorily in this type of olfactometer, tliey were used almost 
exclusively, In fact, these three species of blowflies proved to be 
ideal insects for tliis particular study. 

METHOD OP REARING PLIES 

Flies were reared in wire-screen cages (fig. 1), 12 inches square and 
18 inches tall. Eacli cage had a drawer (a) 4 inches deep wliich was 
kept half full of moist sand. The flies were fed 10 per cent sugar water 
in small eartlienware dishes (&), 3 inches in diameter and 1.25 inches 
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deep, ti'iid to prevent tlie insects from drowning in the liquid a disk 
of perforated cork was allowed to float on the surface ol the sugar 
water. Tlie flies were given tap water periodically in similar con- 
tainers. To induce oviposition the blowflies were given Hainburg 
steak (c) in other dishes and the house flies laid eggs on inoist bi'an 
in the box where their larvae later pupated. 

Steak, bearing fly eggs, was put in battery jars (fig. 2, a), 6.5 
inches in diameter and 8 inches tall, which contained sand and si 
supply of meat (6). The jars were then covered with clieeseclotli and 
put in a dark box, where the larvae developed and finally pupated in 
the sand. When the imagoes began to emerge, the jars were removed 

from the dark box 



to a liglxt place and 
flytraps (r) were 
placed over them. If 
the flies emerged 
slowly they were fed 
sugar water on pieces 
of cotton, suspended 
from stoppers in the 
tops of tlie tmps. 
Periodically the flies 
were transferred to 
the cages hy insert- 
ing the flytraps into 
cylinders (fig. 1, d) 
of black cloth, wliich 
w e r e f a s t e n e d 
around large holes 
in the cages. By 
this method large 
supplies of flies of 
known age were ob- 
tained. 

When tlie wealhei' 


Figure 1.— Wire-screen cage in which flies were reared: a. Drawer half W a S S U 1 f i C 1 e 11 1 1 y 
full of moist sand; 6, small earthenware dish containing 10 per cent i U \ r k 

sugar water, on the surface of which floats a disk of perforated cork; WaiMl liU ' 1 1 les \\ ei e 
c, earthenware dish containing Hainburg steak; d, black cloth cylinder I’Arl ri n < 4 rvi i f 1 1 

used as an entrance and exit i uaiKAi un hUU Oil 

porch adjoining the 

writers laboratory, but during the winter months the cages eontain- 
ing flies were kept on a temporary table built over a radiator hy a west 
window of the laboratory. The battery jars containing larva, e and 
foul-smeiling meat were kept in a dark box in the basement near the 
furnace. Even without the aid of constant temperature and Immid- 
ity chambers, a goodly supply of blowflies was usually to be luid at 
any time. The only precautions taken were to observe the flies 
daily, chiefly to see that they had a sufficient quantity of fresh sugar 
water. Occasionally the cages were washed with water and the dead 
flies removed. 


THE DARK ROOM AND APPARATUS 


A large closet, 6.5 feet wide, 7.5 feet long, and 9,5 feet tall, in tlie 
writer's laboratory was converted into an experimental dark room 
(fig. 3) by building a ventilator (a) in the window, suspending from 
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tlie ceiling a 60-watt light (b) inside a white globe, and making the 
door (c) light proof. 

The olfactometer (d) stood on a table (e) near the center of the room 
directly beneath the light, which was 4 feet above. The tliree bottles 
were connected with a glass Y tube ( /), which was attached to a long 
glass tube riiiining to tlie wall of the room. The latter tube was con- 
nected with a small brass pipe tliat penetrated tlxe wall and ran to the 
blower pump (f/) outside the dark room. As this one-tenth horse- 
power pump made considerable noise, it was mounted on large rublxer 
stoppers inside a box that had a lid. The box rested on the top of a 
bookcase that stood in tlie laboratory against the wall of the dark 
room. A 40-watt ruby light (A), when used, was 
suspended 1 foot directly above the olfactometer. 

A centigrade thermometer (i), the scale of which 
was marked in fifths of degrees, was hung on the 
wall. An electric fan (j) was used only during 
the hottest days because its air current interfered 
with the responses of the flies. 

THE OLFACTOMETER 


The wooden olfactometer (fig. 4), the simplest 
and most satisfactory one yet devised by the 
writer, consisted of two essential parts — a speci- 
ally constructed wooden box and a set of tliree 
bottles with their connecting tubes. The box (a), 

12 inches square and 3 indies deep (inside di- 
mensions), had wooden sides and bottom and a 
wire-screen top that opened on hinges and was 
fastened with hooks. 

The box was supported on four wooden legs 
8.75 inches long. At one side of the box there 
was a stopper (b) closing a hole 1 inch in diam- 
eter. This hole was used as an entrance and 
exit when the flies were being transferred to 
and from the box. On the same side of the box 
there was a door (c), 2.5 inches long and 2 
inches wide, througli which the dead flies were 
removed and the glass dish for sugar water was 
introduced. Tliis dish (<ri), 2 inches in diameter 
and 1 inch deep, usually contained fresh sugar 
water on which floated a cork disk, having several 
round holes through wliich the flies took food 
while standing on the cork. The most specialized part of the olfactom - 
eter was the arrangement of two cups (e) which disseminated the 
odors entering the box. The cups were carved from disks of soft pine, 
1 inch thick and 3.5 inches in diameter, and when finished were coated 
with hard paraffin that masked the pine odor. The cups (/) were 2.25 
inches in diameter and 0.5 inch deep, and the rim stood three-six- 
teenths inch above the level of the disk. Galvanized-iron disks, each 
bearing 50 small nail holes, served as covers for the clips. The cover 
was fastened firmly to the rim with two small nails. Tlie rim of the 
cup fitted snugly into a hole in the bottom of the/box so that the 





Figure 2.— Apparatus in 
which blowflies were 
reared and latter were 
cauisdit: a, Battery jar con- 
taining sand and Ham- 
burg steak (b); c, flytrap 
from the top of which is 
suspended a piece of cot- 
ton wet with sugar water 
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perforated iron cover was flush with the inner surface of tiie bottom 
of the box. The cups were held in this hole hy two rubber bands 1 
inch wide, that were stretched the full width ot the box on the under 
side. At the center of the bottom of the cup there was a hole just 



large enougli to admit the glass tube running from one of the Bxnaller 
bottles. 

The set of bottles consisted of one large bottle (fig. 4, r/) of 20()“C*c 
capacity and two sinall ones {h and %) each of lOO-cc capa.city. Kacdi 
bottle was closed with a No. 7 cork stopper that had been lioiled in 
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hard paraffin. The stopper in the large bottle had three holes and 
each of the other stoppers had two. The glass tube (j), which con- 
nected bottle h with the nearer cup, was 7 inches long (not counting 
the two ends bent at right angles); while the corresponding tube {k), 
connecting bottle % with the farther cup, was 12 inches long. The 
tubes I and m were alike, each being 6 inches long. Tubes ^ and o 
were also alike, each being 4 inches long (^not counting the two bent 
portions). The bore of each of the foregoing tubes was 3 mni. The 
length of tubes p and q was 6 inches each and the bore was 6 mm. 
The bore of the Y tube (r), of the glass tube {s), and of the brass tube 
which connected tube s with the blower pump was 8 inm. All of 
these tubes were securely united by short pieces of rubber tubing (0 



Figure 4.— Wooden olfactometer consisting of: a, Special wooden box in which flies were kept while 
being tested; b, stopper closing a hole used as an entrance and exit for flies; c, door of box through 
which dead flies were removed and through which sugar-water dish (d) was introduced when hies 
were not being tested, e, cup covered with perforated iron disk; /, portion of cup showing parts; ff, 
large bottle; h, i, small bottles, each half full of liquid; ji, fc, tubes rimning from small bottles to cups; 

C m, 7t, 0 , tubes connecting small bottles with large bottle; p, q, tubes connecting lar^e bottle with 
Y tube (r), which unites with tube («) running to blower pump; f, i)iec 0 s of rubber tubing; w, clamp 

in such a manner that practically none of the rubber was exposed to 
the air in the tube. 

TRANSFER OF FLIES AND METHOD OF OPERATING THE 
OLFACTOMETER 

During the preliminary stage of this work only one olfactometer 
was used for both species of blowflies, but subsequently an olfactom- 
eter was used for each species. The following procedure was usually 
adhered to closely. If the flies were on hand each series of tests was 
started with a set of newly emerged flies that had eaten little or no 
food. The number in each set usually ranged from 2()() to 300, If 
the flies were to be transferred from a trap (fig. 2,n) to the box of an 
olfactoineter, the trap was covered with a black elqth and the flies 
were then attracted by light thimugh the round opening in the top of 
the trap and into the olfactometer box through the hole (fig. 4, 6). 
If they were to be transferred from a cage (fig. 1), they were caiight 
quickly in large vials and transferred to the box by means of light 
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and without the aid of a black cloth. They were handled quickly, 
without being touched with the fingers or tools, and lor two or three 
weeks, or until the close of the experiments, they remained in the box, 
where they were usually fed lightly each night with Iresli sugar waiter. 

On the day after the flies were placed in the box of an olfactoniete^ 
the empty sugar-water dish was removed and the insects were carried 
to the dark room and placed directly beneath the light. (Fig. 3.) 
After the bottles had been half filled with tap water, the olfactometer 
was assembled and connected with the blower piJmp, which was well 
oiled with white petrolatum oil. This oil has no noticeal)le odor, but 
air passing through the pump had a faint machinelike odor, w^hich wuis 
practically removed by forcing the air through the water in the large 
bottle. (Fig. 4, g,) A uniform flow of air was maintained by the us^e of 
a clamp {u) on a rubber tube attached to one fork of the Y tube. The 
number of bubbles counted in a small bottle was about 180 per minute. 
This weak air current could not be perceived by the fingers but it 
could be felt by placing one’s cheek almost against the disk. 

Before the pump was started the flies were fairly well distributed 
throughout the box, but just as soon as the humid air current entered 
the box those nearest the disk perceived it and went to the disks. 
This fact explains why this type of olfactometer is ideal for certain 
flies, particularly blowflies. So far, however, it has not been found 
satisfactory for the Colorado potato beetle {Leftinotarsa decefnlmeata 
Say), the Mexican bean beetle {Epilachna corrupta Mills.), or the cod- 
ling moth {Oarpocapsa pomonella h.). House flies responded readily 
to the humid air current, but, owing to their extreme restlessness, it 
was difficult to obtain consistent results. When attractive odors 
were being tested the response to weak air currents was not necessary, 
but when repellent odors were tested it was all important, for without 
it no results could be obtained. As the flies soon failed to respond to 
air currents or to odors carried by these currents, 10 counts w^ere taken 
at 15-second intervals. The flies counted were those on the disks 
and those around the edges not more than one-fourth inch away. 
The counts were begun a few seconds aftei* the air was turned on. 
The sum of the 10 counts for one disk was considered the result of a 
single test. A calculating machine was used for making the cal- 
culations. 

The foflowing data illustrate the preceding points and others not 
yet mentioned: 

On March 13, 1931, there were about 300 females of Lucilia in tlic 
box. They had been fed lightly the night before, and at 9 a. m. the 
dish containing sugar water was removed. At 1 p. im, when tlu^ 
testing was begun, the temperature of the room was 23® (k and that 
of the water in the three bottles was 21®. The first control t(^st 
the following figures, which represent the number of flies on each of 
the disks (fig. 4), its determined by counts made at 15-second intervals: 

Humid air from bottle/i — 16+18H-16 + 15-fl6+13-hl5A174- 14+13 15:^ 

Humid air from bottle 18+16+ 13+ 13 + 13 + 14+ 17 + i6+15--p^ 147. 

These figures show that the difference between any two counts on the 
same disk was usually not great. After bottles h and i liad been 
interchanged, humid air from bottle A attracted 137 flies and that 
from bottle 7 , 117. In the first control test, bottle /6--51 per cent 
attractive; m the second control test, bottle A -53.9 per (umt aiinxc- 
tive; average attractiveness, 52.4 per cent. 
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The water was removed from bottle h and an equal quantity of fer- 
■ men ted granulated-sugar water was put in it. With the same pro- 
cedure, the two tests gave the following results : Sugar water attracted 
200 and 175 flies, respectively, and control water attracted 119 and 
96 flies, respectively. In the first test of sugar water it was 62.7 
per cent attractive; in the second test it was 64.6 per cent attractive; 
average attractiveness, 63.6 per cent. 

Five days later a mixture of very putrid Hamburg steak and water 
was boiled hard for an hour and some of the boiled liquid was tested, 
the flies from the preceding test being used. The two tests gave the 
following results: Control water attracted 149 and 160 flies, respec- 
tively, and foul liquid attracted 50 and 60 flies, respectively. The 
repellency was obtained by calculating the attractiveness of the water 
as control. The first test of foul liquid was 74.9 per cent repellent; the 
second test, 72.7 per cent repellent: average repellency, 73.8 per cent. 

After using about 300 males and females of Calliphora and testing 
other substances, it was ascertained that these flies, if fed lightly the 
night before, did not respond in large numbers; but if given neither 
food nor water overnight they responded in greater numbers, although 
the final percentages were not usually changed. A single test illus- 
trates this point: 

a,s control — 1 — 2t>. 

Water from sour milk— 20+20+25+25+25+25 + 25+25+25+25=240. 

The sour milk was 90.2 percent attractive. 

When the flies were satiated with water or sugar water it was useless 
to carry on experiments. They did not then respond to most of the 
test liquids in sufficient numbers to give reliable results, but when 
certain much more attractive odors were used the factor of water 
satiation did not materially interfere with the responses expected. 
The plan finally adopted was to feed the flies lightly the night before 
the test and not to start the test until 10 or 11 a. m. This procedure 
was not at all necessary, however, when testing the odors of foul meat 
and a few other highly attractive materials. 

Flies responding to the control liquid were in most instances accu- 
rately counted; but when responding to humid air or to odors in 
numbers more than 12 or 14, they were estimated, for it was imposvsible 
to count them, owing to their restlessness. Many times they were 
estimated, then counted, and the estimated number was nearly always 
smaller than the actual one. 

It has already been shown that in running control tests the numbers 
of flies on the right and left disks did not differ materially. This was 
true only when the olfactometer was in perfect working order. If nne 
cup or disk were scented or if a drop of odorous liquid were drawn into 
a cup, the numbers differed widely. The cups and disks were ordi- 
narily made odorless by running air through them. Often they were 
removed and washed with water; but after foul odors had been tested, 
they were washed with alcohol and well aired. Before a ^ series of 
tests was started tlie olfactometer was put in perfect working order 
and thereafter no liquid was permitted to come in contact with the 
cups or disks, which were cleaned and used in such a way that little 
or no error resulted from using the same cups repeatedly. 

In a few tests the control response was actually 50 per cent. In 
most tests it was not above 52 or below 48 per cent, and the highest 
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recorded was 54.8 per cent. Responses above 50 per cent, not pre- 
ceded bv a plus or a minus sign, will hereafter be calle^l atti%‘ictrv'e; 
while those above 50 per cent, preceded by a minus sign, will be ca,lled 
repellent. Nevertheless, in each test 2 or 3 per cent sliould be de- 
ducted as the probable error. , , . 

The flies, particularly the Lucilia, were sensitive to dry-air currents, 
but less so than to liumid-air currents. Dry-air currents \yere not 
used as controls for odor responses because only odorous liquids were 

tested. I t 

Flies were found sensitive to warm hiimid-air currents when cool 
humid air was used as a control. When there was only 2^ or 3° 
difference in temperature between the water in the small bottles little 
or no difference in response was observed; but in one instance where 
there was a difference of 9"" the warmer current was 74.4 per cent 
attractive. Similar results were obtained when dry currents and 
warm humid currents were tested. When humid currents were com- 
pared with dry currents the former were always the attractive ones. 
When humid air was forced through only one cup the response was as 
high as 85.8 per cent; the other 14.2 per cent of the flies just happened 
to be above the other cup, which was not a control and not connected 
with the other bottle. 

After the foregoing results were obtained, tlie teniperatures of the 
liquids in all three bottles were equalized by the use of cold and hot 
water and the thermometer brought from the dark. room. Tine 
temperatures in most tests were near that of the laboratory. 

DIFFERENCES IN RESPONSE OF MALE AND FEMALE BLOWFLIES 

In order to obtain accurate results for comparative purposes several 
factors were considered during the preliminary stage of this work; 
however, since no long series of tests was specially planned and con- 
ducted in order to furnish definite information on all of these factors, 
the following data sufficed as a foundation for more tliorougli 
experimentation. 

Of all the factors considered, the state of water satiation seemed to 
be the only one that interfered with the testing. This factor was 
easily controlled, as already stated, by giving the Hies a, small (jiuintlty 
of water or sugar water overnight. Other factors were ("onsidcund, 
but no important differences in response were obtained that (‘ould b(‘. 
attributed to differences in age, in sex, or even in sexual inatairity of 
the males and females tested. 

Some of the results obtained b^etween February 11 and Marcli 11 
varied considerably.^ To determine whether this variation was due 
to different proportions of males and females in the same box, the 
sexes of 599 Lucilia were separated on March 11 and 12, wlum the 
flies were 13 days old. Separation was easily effected by ca,tehing the 
flies in large vials, in which they were chilled, either out of doors oi* in 
an electric refrigerator. While their compound eyes were l)(‘lng ob- 
served, they were kept m In all, there were 21 9 mah^sand 

380 (or 63.4 per cent) females. Next, all the dead flies in the (*agc 
47 females and 151 males— were examined. At the time of cmeigcnc,e, 
therefore, the females predominated slightly, constituting 53d) per cent 
of the total number. The males were usually smaller and less hardy 
than the females, and died more quickly. On April 7, 574 Callipliorii, 
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4 days old, were separated on. tlie basis of sex, and 304, or 53.0 per cent, 
were found to be males. 

The Liicilia were tested from March 12 to March 18 and the Cal- 
lipliora, from April 8 to April 14. Unfortunately, some of the materials 
tested, particularly tlie fermented ones, were slowly changing, but 
at that time of year the cliemical changes taking place in tliem usually 
were not great. As not all the experimental conditions were exactly 
alike the figures in Table 1 should not be compared too closely. The 
chief purpose in submitting these figures is to show that there were 
few wide differences in response and that the averages for the males 
and females of the same species were practically the same. 


Table 1. — Olfactory responses of male and female blowflies to various substances 


Materials tested 

Lucilia 

Calliphora 

Males 

Females 

Males 

Females 


Control f water on each side) 

Per cent 
.51.8 

Per cent 
51. 0 

Per cent 
50. 3 

Per cent 
52.0 

Fermented granulated-sugar water 

56. 1 

64. 6 

69. 3 

74. 6 

Fermented granulated-sugar water and yeast 

54. 2 

76. 9 

70.0 

69. 8 

Fermented brown-sugar water I 

73.2 

64. 5 
61.3 

81. 9 

79.7 

Fermented brown-sugar water and yeast 

<* 56. 0 

S3. 2 

66.7 

Fermented yeast mi.\ture. 

83.9 

85. 2 

86. 7 

70. 3 

Alcohol (about 6 per cent) 

« -51. 7 

52. 4 

74. 0 
67. 9 

77. 5 

Fresh milk T 

72.9 

55. 6 

66. 7 

Water from clabbered milk - 

64. 1 

78. 6 

77.8 

77. 9 
92.3 

Fermented lactose mixture - 

60. 1 

61. 3 

93. 0 

Lactic acid (10.2 per cent) 

74.5 

67. 0 

72. 5 

78. 6 

Fermented casein mixture..- 

71.3 

62.3 

•83. 6 

94. 6 

Formalin (1 cc of formaldehyde to 60 cc of water) 

74. 0 : 

61.7 

61.5 

70. 0 

Fermented molasses and yeast 

54. 5 

60. 7 

74. 5 

60. 9 

Water from putrid Hamburg steak 

84.6 

82.3 

89.4 

90. 5 

Fermented molasses 

60.9 

66. 0 


Fermen ted corn sirup 

69. 1 

69. 9 



.Ammonia water (0.05 cc to 60 cc of water) 

66. 7 

71.0 

Stale urine 



76. 1 

64. 6 

Stale feces . .. 



80. 0 

63. 7 
82.1 

Stale distillate from water and putrid steak 



87, 6 

Skatol (water moderately scented) 



54. 5 

55. 0 




Average - 

64.5 

05.9 

75. 0 

72.9 



“ For negative numbers the complement was used in computing the average, e, g., 100-~5fi™44. 


RESPONSE TO ODORS FROM FERMENTING AND PUTREFYING 

SUBSTANCES 

In an attempt to obtain fundamental facts concerning the attrac- 
tion of insects to odors from various fermenting and putrefying sub- 
stances much experimental work wars done. In these experiments the 
following materials were tested: 10 per cent solutions of granulated 
and brown sugars, with and without the addition of baker’s yeast; 
various concentrations of carbon dioxide, alcohol, and acetic acid; 
milk and three of its constituents (lactic acid, lactose, and casein); 
putrid Hambtirg steak, putrid eggs, human feces, human urine, 
amxnonia, and skatol. The absence of accurate knowledge of the 
chemical composition of the various substances made it impossible 
to obtain more than a limited amount of definite information on the 
attractants concerned in the tests. Hence, as to this, only a brief 
summary is given in the present paper. 

Sugar solutions not containing baker’s yeast were attractive up to 
the seventeenth day, being most attractive (7 6.2 per cent) on the 
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foiirtli d<w. Between tlie eigliteenth and twenty “fifth, dti^ys (end ol 
tests) they were repellent, being most so (72 per cent) on thehxst day 
they were tested. Sugar solutions containing baker’s yeast were 

attractive only np to the twentieth hour, being most attractive (()6.7 
per cent) one'hour after they were prepared. They were most repel- 
lent on the third day (93.7 per cent) and on the twenty-hrst day (94.6 
per cent), but on the twelfth day they were only slightly repellent 
(55.9 per cent). Curves representing the attractiveness ol these 
materials would therefore have two ascents and two descents. All 
concentrations of the carbon dioxide and acetic acid tested were repel- 
lent. All concentrations of the alcohol up to 6 per cent, inchisive, 
were attractive, but the higher concentrations were repellent. The 4 
per cent concentration was most attractive (67.8 per cent), and the 
20 per cent concentration most repellent (96.2 per cent). The evolu- 
tion of carbon dioxide and the production of alcohol and acetic acid 
in the fermenting mixtures apparently had much to do with the 
responses obtained. 

The only pertinent reference to the fermenting mixtures men tioned 
here is by Eyer and Rhodes (f , f. 70B). They state: 

Chemical analyses of codling moth (Carpocapsa po'monella) molasses baits 
during their periods of maximum attractiveness reveals their attrahent value to 
be most closely associated with certain changes in the decomposition of tlie sugars 
which precedes the formation of alcohol and acetic acid and is first evidenced by 
a decrease in the glucose content of the baits. These phenomena which are 
probably attended by the formation of esters, the exact composition of eacli of 
which is as yet undetermined, are of primary importance. The fcirmation of 
alcohol and the evolution of gas are important secondary factors, while tlie produc- 
tion of high yeast populations and the conversion of alcohol into acetic acid are 
only slightly attractive or actually repellent. Under New Mexico conditions, 
where the average mean daily temperature for the period during which the Cod- 
ling moth adults are most active (May 1 to September 30) is 73.5° Fahrenheit, 
the effectiveness of molasses baits is actually decreased by adding yeast in com- 
mercial form while on the other hand it is materially increased and tlie period of 
attractiveness prolonged by the addition of certain preservatives, particularly 
Benzoate of Soda which delays fermentation. 

Milk and its constituents — ^lactic acid, lactose, and casein— were 
always attractive. The more sour the milk the more attractive it 
was, the lactic acid in the milk probably being its chief attracting 
ingredient. Fermented casein and baker’s yeast were among the best- 
attractants, but putrid meat and putrid eggs were the most attractive. 
The responses to odors from such putrid materials wore appa-rently 
caused by a ^^desire” to oviposit rather than to feed but, strange^ to 
say, the males responded as well to such odors as did the females. 
Although the sense of smell in blowflies is in many resjiects similar 
to that in human beings, the writer found it to bo jnorc acuit.e tiuui 
his own. 

According to the average percentages (Table 1) obtained by testing 
fermented yeast mixture (81.5 per cent), fermented lactose mixture 
(76.7 per cent), fermented casein mixture (77.9 per cent), and water 
from: putrid Hamburg steak (86.7 per cent) the attractiveness of the 
putrid steak appears to be little greater than that of each of the other 
three substances named. However, the difference is greater than it 
appears, for the total number of flies estimated to be on the disk is 
not a fair criterion by which to judge the attractiveness of foul-meat 
odors. 

During the first three estimations nearly half of the flies in the box 
were attracted toward the left disk; but not more than 60 at a time 
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were recorded as being attracted. They piled upon one another on 
the disk two or three layers deep, and for about 3 inches around the 
margin they congregated, all headed toward the disk, waiting to 
climb upon the others. In a single test 395 flies responded to water 
from foul meat on the left while 85 responded to water as control on 
the right. The foul odor was, therefore, 82.3 per cent attractive. 
The number of flies responding on the control side was unusually 
large, and this accounts for the comparatively low percentage of 
attractiveness. 

TESTS TO DETERMINE: WHETHER BLOWFLIES SMELL WITH THEIR 

ANTENNAE 

Before 1880 there was a controversy about the location of the 
olfactory organs in insects. In that year Hauser (3) apparently 
settled the matter by proving that the organs of smell are located in 
the antennae. In 1914 Mclndoo P- hsS-S/fl) convinced himself 
that honeybees do not smell with their antennae, but with widely 
scattered structures called olfactory pores. Von Frisch in 1921 
convinced most of the critics that honeybees do smell with their 
antennae. In 1924 Minnich (6) proved that nearly half of the 
olfactory organs of the cabbage butterfly {Ascia rapae L.) must be 
located elsewhere than in the antennae. With blowflies of the two 
larger genera, Calliphora and Phormia, and with the aid of the wooden 
olfactometer, the writer decided to close the controversy, if possible, 
so far as blowflies are concerned. 

On January 1 and 2, 1932, 315 Calliphora emerged, 56.2 per cent 
being females. On January 4 and 5, the antennae or parts of antennae 
of 283 flies (126 males and 157 females) were pulled off, the following 
technic being used: About 30 flies at a time were caught in a large vial 
which was then placed in ice water. After the flies had become chilled 
the inactive ones were held between two Angers under a dissecting lens 
and the antennae were pulled off with flne-pointed forceps. The flies 
were then placed in the box of the olfactometer, where they were fed 
lightly over night and where they remained until they died. These 
mutilated flies could still fly well and responded normally to light and 
to odors, but they were comparatively inactive, both inside and 
outside the box, and were therefore easily caught with the fingers. 
They lived from 1 to 16 days, or an average of 8.2 days. 

An excised antenna or part of one, when carefully examined under 
a high-power lens, was seen to have 1, 2, or 3 segments, but the third, 
or terminal segment, which bears the so-called olfactory hairs, was 
always present. Therefore all of the third segments were prevented 
from fimctioning when the insects with removed antennae were tested, 
but 17.1 per cent (18.7 per cent in males and 15.6 per cent in females) 
of the total number of second segments and 49.2 per cent (52.6 per 
cent in males and 45.9 per cent in females) of the total number of 
first segments remained on the heads. 

Since there were not enough unmutilated Calliphora for a second set 
of flies, the responses of the mutilated ones which were tested from 
January 6 to 14, 1932, were compared with those of a set of iinniuti- 
lated Calliphora tested in the summer of 1931. (Table 2.) Although 
the nine substances tested in 1931 and in 1932 were not exactly 
identical, the average responses (76.1 and 75.5 per cent) of the two 
sets of flies were practically the same. 
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Table 2.— -Responses of Calliphora with and ivithoiit antennae to various odors 


Substance tested 

llnmiiti- 
lated flies 

Flies with 
antennae 
pulled off 

Fresh milk . .. -- - 

Per cent 
69. 2 

Per cent 
59.8 


77.3 

86. 5 

Tjnnl'Ji'* a.niii (1 n ppr r^ent) 

76.2 

84. 5 

A]r*nho1 ("4 pp.r npnt) . 

77. 6 

■ 74. 8 

Formalin (1 cc to 60 cc of water) - - 

65. 7 

60. 0 

Brown-sugar water -- - -- 

78. 9 

78. 0 

Water from putrid Hamburg steak . - 

89.9 

88.7 

Stale urine - -- - - - 

76. 1 

75.3 

Stale distillate from putrid steak 

i 74. 5 

72.3 




A vpira S'e __ - 

76.1 

75. 5 




The next series of experiments, extending over a period of eight 
days, consisted of testing milk, brown-sugar water (10 per cent con- 
centration), five concentrations of alcohol, and seven concentrations 
of lactic acid. The milk and sugar water were tested when fresh 
(Table 3) and then put in pint milk bottles. The bottles were covered 
with cheesecloth and placed in the laboratory. The concentrations 
of alcohol and lactic acid were prepared by using absolute alcohol, 
85 per cent lactic acid (U. S. P.), and distilled water. The milk and 
sugar water were tested only once daily, but four tests for each 
concentration of alcohol and lactic acid were usually conducted. 
The average percentages of attractiveness of these substances are 
shown in Tables 3 to 5. 


Table 3. — Responses of Calliphora with and without antennae to odors from, milk 

and brown-^sugar water 


Age of material (days) 

Milk 

Brown-sugar water 

Unmuti- 
lated flies 

Flies with 
antennae 
pulled off 

! Unmuti- 
lated flies 

Flies with 
antennae 
pulled off 

0 

Per cent 

69. 2 

77.3 
72. 5 

75.7 

1 73. 3 

67. 8 
66. 1 

62.8 

Per cent 
59. 8 

71.4 

74. 4 

Per cent 
64. 1 

67.3 

67. 4 

Pe r ce nt 

64.3 

60. 3 
6)7. 3 

70.3 
! 78. 0 

70. 2 

1 



3 

4 

I 75.4 

73. 1 
68.4 
60. 0 

78. 9 
72.1 

6- 

7 


71.7 




Average 


1 70.6 

68. 9 

70. 2 

69.4 



Curves representing the foregoing responses of the unniutilated 
and mutilated flies closely follow each other. They and the average 
percentages given in Tables 2 to 5 show clearly that Calliphora do not 
smell with their antennae. 

The experiments were repeated, using Phormia, and this time more 
care was exercised in pulling off the antennae. On January 13 and 
14 more than 600 Phormia emerged, and on January 15 and 16 the 
antennae of 300 (113 males and 187 females) were removed under a 
binocular microscope. The mutilated insects were then placed in 
one box of the olfactometer, and 300 unmutilated flies, in approxi- 
mately equal numbers of males and females, were placed in another 
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box. At each wound tiny droplet of blood issued, but the flies 
apparently did not sufldr and they appeared normal in nearly all 
respects. ^ They were less active tha,n usual, however, and were easily 
caught with the fingers. They united readily a,nd continued to lay 
up to the time of tlieir deaths. The iriiitilated flies began 
ovipositing two days later than the unmutilated flies and deposited 
only about one half as many egg masses. 



The rernoved antennae were mounted in pairs in glycerin on two 
slides and the segments in each were counted. The third or terminal 
segment was always pulled off, the second segment was usually severed, 
but the minute first segment was often left attached to the head. Of 
the males, 38.0 per cent had been deprived of all 6 segments; 26.5 
per cent of 5 segments; 24.8 per cent of 4 segments; 4.5 per cent of 
3 segments; ancl 6.2 per cent of only 2 segments. Of the females, 
40.7 per cent had been deprived of ail 6 segments; 23.0 per cent of. 5 
segments; 25.0 per cent oi 4 segments; 7.5 per cent of 3 segments ; 
and only 3.8 per cent of 2 segments. An average of 39.3 per cent of 
both males and females had been deprived of all 6 segments; 24.7 
per cent of 5 segments; 24.9 per cent of 4 segments; 6.0 per cent of 
3 segments; and only 5.0 per cent of 2 segments. 

As each box contained a larger number of flies, it was impossible to 
obtain complete records of individuals; therefore those that had been 
deprived of all or nearly all of their antennal segments might not 
have responded at all. Having failed to obtain satisfactory records 
by using only 1, 2, or 3 mutilated Calliphora at a time in the box, 
7. active iminutilated Phorinia were placed in one box' and 7 , active 
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mutilated Pliormia in another, each fly in a box being distinctively 
marked with white ink for easy identification. On a form used in 
tabulating the results the symbol for each fly indicated the sex of the 
insect and the part or parts of its anatomy that were nuirked. The 
following abbreviations were used: t for thorax; r for right wing; 
1 for left wing; and a for abdomen. The unmutilated flies 'were, 
therefore, given the following symbols: tcf, r9, Icf , rlcf , tr9, tld’, and 
a9. The symbols of the mutilated flies were t9, r9, Icf^, rlcf’, tr9, tied’, 
and a9. The marked flies were among a large number of unmarked 
flies. 

Table 5. — Responses of Calliphora with and without antennae to odors from seven 
concentrations of lactic acid 


Concentration of lactic acid (per cent) 


XJnmuti- 
lated flies 


Flies with antennae 
pulled off 


Individual 

tests 


Average for 
four tests 


1.7... 


;u.. 


Per cent 
53.6 


59. 5 


6 . 8 -. 


17 . 0 .. 


25.5., 


72.7 


76. 2 


60.0 


«“53.6 


Average- 


63. 15 


Per cent 

54.4 
60.0 
59.1 
60.6 

61.4 
63.7 
61. 6 

58.6 
67.0 

67.0 

71.0 

69.3 
71.9 

72.1 

76.6 

84.5 
60.0 

73.7 

73.3 

67.8 

58.1 
62.7 

64.2 

67.2 
51. 3 
58.1 
57.0 

57.9 


60. 58 
65. 32 
66.11 
66. 55 


Per cent 
58.5 


68. 6 


76. 3 


68.7 


63. 0 


56. 1 


» Complement of this number was used in obtaining average. 


Fresh brown-sugar water (10 per cent concentration), fresh milk, 
concentrations of alcohol and lactic acid, and mixtures con taming 
baker^s yeast cake (3 g in 250 cc of water), and purified casein 
(3 g in 250 cc of water) were prepared. Pint milk bottles contain- 
ing the sugar water, milk, yeast mixture, and casein mixture were 
covered with nheesecloth and placed in the laboratory. The alcohol 
and lactic acid were kept in welbstoppered bottles. The tests were 
run from January 18 to 26. 

Tables 6 to 8 show the average percentages of attractiveness of the 
substances. The general average is, for unmutilated flies, 66.6 ; for 
mutilated flies, 67.4. Again, it is clearly shown that blowflies do not 
smell with their antennae. 
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Table 6. — -Responses of Phormia with and without antennae to odors from, hr own- 
sugar water, milk, yeast mixture, and casein mixture 


Age of material (days) 

B ro wn-s u gar w at.er 

Milk 

Yeast mixture 

Casein inix(.ure 

Unmuti- 
lated flies 

Flies 
with an- 
tennae 
pulled oil 

Unmuti- 
lated flies 

Flies 
with an- 
tennae 
pulled off 

Unmuti- 
lated flies 

Flies 
with an- 
tennae 
pulled off 

Unmuti- 
lated flies 

Flies 
with an- 
tennae 
pulled of 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

(L....- 

64.3 

65. 1 

59. 3 

64. 3 

65. 2 

70. 4 

63. 6 

67. 1 


68. 0 

72.1 

66. 2 

69. 8 

65. 9 

68.5 

69.0 

67. 2 

2 

68. 2 

69. 6 

66.0 

71.7 

68. 4 

71. 4 

68. 5 

72.5 

3- 

69.3 

69. 8 

78.0 

72.7 

67.4 

70.4 

69. 7 

67. 1 

4 

73. 6 

75.3 

79.8 

76. 1 

77.4 

73. 8 

76.4 

80.3 


65.4 

65.2 

66. 0 

68.4 

72.0 

65. 5 

77,7 

75.8 


57. 6 

60.2 

62.3 

60.2 

71.2 

75.4 

81.2 

74.3 

8 

57. 4 

60.0 

59.2 

60.9 

72.2 

76.1 

80. 8 

81.6 

Average.. 

65.5 

1 67.2 

67. 1 

68.0 

70. 0 

71.4 

i 73.4 

73.2 


Table 7. — Responses of Phormia with and without antennae to odors from five con- 
centrations of alcohol 


Unmutilated flies 


Flies with antennae 
pulled ofl 


1 , 


2 . 


4. 




8 ., 


Concentration of alcohol (per cent) 


Individual 

tests 


Average 
for 4 tests 


Per cent 
57.3 


Per cent 


Individual 

tests 


Average 
for 4 tests 


Per cent 


Per cent 


56. 6 


Average. 


59.4 

58.6 

58.2 

62.6 
61.8 
66. 1 

64.9 
73.7 

65.4 

65.9 

66.2 

63.4 

63.9 
62.6 
60. 0 

« 60. 7 
''--66.9 
''-58.5 
"-54.6 


61. 54 
58. 72 
58. 92 
58. 94 


58. 375 

63. 85 

67. 80 

62. 45 

-54. 826 

59. 63 


59. 5 
58. 5 

58.8 

62.9 
62. 9 

67.3 
63. 5 

74.4 

65.4 

70.0 

66.1 
64. 1 

62.5 

63.6 
55.8 

“60. 9 
"-51.5 
"-60.6 
"~59.0 


61.78 
59. 76 
61.74 
67.04 


58. 35 

64. 15 

68. 975 

61. 475 

-52. 65 

60.08 


“ Complement of this number was used in obtaining average, 4 tests, but the percentage as it stands 
was used In obtaining average, first test, all concentrations. 

" Percentage as given was used in obtaining average concentration 8, but its complement in obtaining 
averages of the second, third, and fourth tests, all concentrations. 

On the basis of equal response by all the flies in the box the data 
for 4 days showed more than proportional response by the marked 
flies and the mutilated flies responded slightly better than did the 
unmutilated ones. The females responded almost as often as the 
males. The total number of responses of each of the 14 marked flies 
ranged from 3 to 24, with an average of 13.9. Considering all of the 
14 marked flies and the 7 substances tested, water (as a control) 
offered 50 per cent of all the chances to respond, while each of the 
other 6 materials offered only 8.3 per cent. However, the following 
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data clearly show that the number of responses were not so divided. 
Water mdiiced only 21.6 per cent of all responses; brown-sugar water, 
9.8 per cent; casein solution, 9.3 per cent; lactic acid, 19.6 per cent; 
yeast inixture, 9.8 per cent; alcohol, 10.8 per cent; and inilk, 19.1 per 
cent. Of the 7 inutilated flies alone, water induced only 18.7 (and 
not 50) per cent of all the responses; brown-sugar water, ^6 per cent; 
casein mixture, 7.5 per cent; lactic acid, 18.7 per cent; yeast inixture, 
13.1 per cent; alcohol, 14.0 per cent; and milk, 22.4 per cent. The 
total number of responses to all of the 7 materials tested is as follows: 
t9, 8; r9, 16; Icf , 16; rlcf*, 20; tr9, 24; tlcf, 15; and a9, 8. When these 
7 mutilated flies had died, their heads were examined to determine 
how many antennal segments remained attached. This was done by 
teasing out the stumps of the antennae with needles under a 
binocular microscope. The following results were noted: tlcf bore 
no antennal segments; r9, Icf, and rlcf each bore one segment; t9 
and tr9 each bore two first segments; and a9 bore two first segments 
and one second segment. The 7 mutilated flies lived from 11 to 58 
days, or an average of 31.6 days, and the 7 unmutilated flies lived 
from 1 to 58 days, or an average of 26 days. The 300 mutilated flies 
lived from 1 to 59 days, or an average of 15.9 days; the 300 iinmuti- 
lated flies lived from 1 to 60 days, or an average of 18.2 days. 


Table 8. — Responses of Phormia with and without antennae to odors froin seven 
concentrations of lactic acid 


XJnmutilated flies 


Individual 

tests 


Average for 
4 tests 


Flies with antennae 
pulled off 


Individual 

tests 


Average for 
4 tests 


Per cent 

55.8 

58.2 
59.1 

57.6 

64.7 

59.6 

58.6 
65. 7 

69.0 

62.6 

63.5 

76.9 
69. 8 

66.7 
68.4 

72.6 

66.7 

60.0 
62.0 

74.8 
62. 1 
59. 0 

62. 8 

66. 3 

60.8 
58.9 
60.6 
68.7 


64. 13 
60. 71 

62. 14 
68. 94 


Per cent 
57. 675 


62. 15 


68. 0 


69. 375 


65. 876 


62. 55 


62.25 


63. 98 


Per cent 

59. 1 
58. 3 

58.1 

58. 0 

65. 4 
56. 9 
62.8 
69. 0 
73, 8 
68 . 6 

64. 0 

66. 0 

70.8 
69. B 

70.7 
76. 5 
72. 5 

65. 5 
67. 5 

70. 1 
63. 8 

62. 7 

63. 1 
62. 2 

59. 1 

59.2 

61.9 

58.8 


66. 35 
62.93 
64. 01 
65.80 


Per cent 
58. S7i 


63. 525 


68. 10 


71.825 


68. 90 


62.95 


59. 7 


64. 77 


Concentration of lactic acid (per cent) 


1.7. 


3.4. 


6 . 8 . 


13.6- 


17.0„ 


25.5. 


Average. 


Some of the experiments were again repeated/ using Calliphora. 
On January 18 about 140 Calliphora emerged and on January 25 and 
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26 the antennae of 134 of them were pulled off. This time the insects 
were not chilled by using ice water and a greater effort than ever was 
made to pull off all the segments by seizing, if possible, the minute 
first segments with the needle-pointed forceps. These operations 
were fatal to many of the flies, 93 of them having died by January 27, 
when the survivors (13 males and 28 females) were tested. An 
examination of the heads of the dead flies showed that41.4 per cent of 
them had been deprived of all six antennal segments. On the heads 
of the others 40.2 per cent of the first segments and 21.9 per cent of the 
second segments remained, but no third segments. 

On January 27, between 12.30 and 1.20 p. m., 10 males and 18 
females, the most active of the surviving flies, were subjected to 
another operation. This time, in order to eliminate the possibility 
that the remaining antennal segments or the exposed antennal nerves 
might still receive olfactory stimuli, tiny droplets of glue were placed 
on the stumps” of the antennae, and again the flies were tested. 
(Table 9.) When these flies had died, it was observed that the glue 
remained where placed and only 37.5 per cent of the first segments 
were present on the heads. The 41 tested flies lived from 1 to 14 
days, or an average of 3.8 days. The flies with glue on their heads 
lived an average of 4.2 days. The data in Table 9 again clearly 
show that the antennae of blowflies do not carry the olfactory organs. 


Table 9. — Responses of Calliphora 'with and without ante/miae to various odors 


Substance tested 

ITnnniti- 
lated dies 

Flies with 
antennae 
pulled off 

Flies with 
antennae 
pulled off 
and stumps 
of antennae 
covered 
with glue 

Brown-sugar water (9 days old) 

Per cent 
71. 7 

Per cent 
74. 1 

Per cent 

75 

Milk (9 days old) - 

62. 8 

69.2 

69 

Lactic acid (10.2 i.)6r cent) - 

76. 2 

74.2 

75.9 

76 

Yeast mixture (9 days old) 

78. 5 

75 

Casein mixture (9 days old) 

89. 1 

81.2 

76 


Average - 

76. 7 

74. 9 

74 



To obtain further information on this subject a careful study of the 
antennae of blowflies was made by using live antennae, caustic potash 
preparations, and many sections. The so-called olfactory hairs, lying 
in pits and pocket-shaped cavities in the third segments, are very 
numerous but they were not found elsewhere on the antennae. The 
first and second segments contain no sense organs of any kind, except 
the Johnston^s organs in the second segment. These organs have no 
connection with the exterior and have never been regarded as olfac- 
tory organs. Furthermore, it was observed that wounds on the 
mutilated antennae soon healed, thereby preventing the air from 
entering at the places of injury. 

SUMMARY 

In the hope of obtaining fundamental facts concerning the attrac- 
tion of insects to odors from fermenting and putrefying substances, 
much experimental work was done witii three species of blowflies, 
but little conclusive information was obtained as to the definite 
attractant.^ ' a 
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For this study large numbers of these blowflies {Calliphora erythro- 
cephala Mmg., LuciHa sericata Meig., and Phormia regina Meig.) of 
known ages were successfully reared in both summer and winter, 
without the aid of constant temperature and humidity chambers. 
The males and females, shortly after emergence, were about equal 
in number, but as the males died more quickly, the flies tested usually 
consisted of more females than males. 

The olfactometer used was the simplest and most satisfactory one 
yet devised by the writer for work with blowflies. It consisted essen- 
tially of a wooden box having a wire-screen top, and of a set of tliree 
bottles, one large and the other two small. The bottles were connected 
on the left with an electric blower pump and on the right by means 
of glass tubes with two specially constructed cups that fitted into 
the bottom of the box. The large bottle and one small bottle were 
half filled with water, and the other small bottle was half filled with 
the liquid to be tested as an attractant or repellent. The pump forced 
humid air and odors from the bottles through the tubes and into the 
cups, and these were diffused in the box through the perforated covers 
on the cups. The key to success in this investigation was the ready 
response of blowflies to humid air currents; therefore, humid air, not 
bearing odors, from one cup served as a control, while humid air bear- 
ing odors from the other cup served as the attractant or repellent. 
The flies lived in the box usually two or three weeks or until the testing 
was finished. All the testing was done by diffused light in a dark room. 

With the aid of the olfactometer it was first determined that the 
responses of the males and females did not usually differ widely and 
that the average responses of the males and females of the same species 
were practically the same. 

When fermenting sugar solutions were tested during a period of 25 
days, it was determined that solutions not containing baker^s yeast 
were largely attractive, whereas solutions containing baker^s yeast 
were repellent during nearly all of the 25-day period. Tests with 
carbon dioxide, alcohol, and acetic acid indicated that these sub- 
stances in the fermenting mixtures had much to do with the responses 
obtained. 

The responses to milk and three of its constituents — lactic acid, 
lactose, and casein — indicated that they were always attractive. 
Fermented casein and baker^s yeast were among the best attractants 
found, but putrid meat and putrid eggs were the most attractive. 

In order to determine whether or not blowflies smell with their 
antennae, three series of experiments were conducted. In the first 
series the antennae, or parts of antennae, of 283 Calliphora were pulled 
off so that all of the third or terminal segments, which bear the so- 
called olfactory hairs, were removed. Nine substances, including 
fresh and fermented milk and brown-sugar water, five concentrations 
of alcohol, and seven concentrations of lactic acid, were tested. The 
general average responses, expressed as percentages, obtained were: 
Unmutilated flies, 68.4; mutiliated flies, 68.2. 

In the second series of experiments the antennae of 300 Phormia 
were pulled oft‘. For a period of 8 days brown-sugar water, milk, 
yeast mixture, and casein mixture were tested. Five concentrations 
of alcohol and seven concentrations of lactic acid were also tested. 
The general average responses were — unmutilated flies, 66.6, and 
mutilated flies, 67.4. 
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In the third series of experiments the antennae of 134 Calliphora 
were pulled off, and after the mutilated flies had been tested, the 
stumps of their antennae were covered with glue. The average 
responses to five substances were as follows: Unmutilated flies, 75.7; 
mutilated flies, 74.9; and flies with glue on the stumps of their 
antennae, 74.0. 

From the preceding averages it is concluded that the antennae of 
blowflies do not bear the olfactory organs. 
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PERFECTING A STAND-DENSITY INDEX FOR EVEN- 
AGED FORESTS' 

By L. H. Reinbke 

Associate Silviculturist, California Forest Experiment Station, Forest Service, 
United States Department of Agriculture 

INTRODUCTION 

An adequate expression for density of stocking in even-aged forests 
has long been sought by foresters. Comparison of total basal area 
of the stand with yield-table values of basal area for the same age and 
site quality has been the usual method of evaluating stand density. 
Other methods have been proposed, but none has given results good 
enough to warrant general adoption or displacement of the basal-area 
method. It is the purpose of this paper to present a stand-density 
index which does not require a yield table and which is not affected by 
possible errors in shape of the total basal area-age curve. This stand- 
density index, based on the relationship between number of trees per 
acre and their average diameter, is premised on the characteristic 
distribution of tree sizes in even-aged stands. 

It is a well-established fact that in any given stand a curve showing 
the relative (percentile) frequency of occurrence of the various tree 
sizes (diameters) has a characteristic form, often approximating that 
of the ^^normal frequency curve” or '^normal curve of error” (f, 2, 

s, 4.6,7):^ 

STATISTICAL BASIS 

This frequency-curve form may differ with species; the departures 
from normal may embody positive or negative skewness (6), or a 
logarithmic form may be assumed (4). Within a given species, 
however, stands of all ages on all sites have essentially the same 
characteristic frequency-curve form (4, 7,9). 

The form of the frequency curve may be described by several 
statistical measures, those used most commonly being the average 
(or mean) diameter and the standard deviation, with the coefficients 
of asymmetry and of excess less generally used {6). 

For any one general form of frequency curve, as applied to diameter 
distribution in even-aged stands, the percentile frequency curve for 
a specific stand is described primarily by the average diameter. The 
standard deviation and coefficients of asymmetry and of excess pro- 
vide a further description of the curve, but since they are correlated 
with the average diameter they are of secondary importance. It is 
thus possible to a certain extent to describe the relative diameter 
distribution of a stand by average diameter alone. 

COMPARISON OF STAND DENSITIES 

The concept of stand description is useful in comparing the density 
of stocking of various stands. Two stands of the same description 
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(same a.verage diameter and, by implied correlation, the same stand- 
ard deviation, etc.) have the same relative distribution of diameters 
but may differ as to total number of trees per unit area. Obviously, 
the stand with the greater number of trees is the better stocked or 
denser stand of the pair and their relative stand densities are directly 
proportional to the number of trees on them. The number of trees 
per acre of one stand may be expressed as a percentage of the number 
of trees of the other ; this percentage will indicate the relative stand 
densities. If data for a sufficient number of stands of the same 
description (average diameter) are obtained, the stand with most 
trees per acre can be considered as having 100 per cent stand density. 
If all other stands are referred to this one, the density of each can be 
expressed as a percentage of full density. 

THE REFERENCE CURVE 

The number of trees per acre for full density varies, however, with 
the average diameter of the stand. Stands of small average diameter 
have a large number of trees, while stands of large average diameter 
have relatively few. To determine the density of stands of all 
descriptions, it is necessary to have a curve showing the number of 
trees per acre at full density for all average diameters. 

This curve of maximum number of trees per acre over average 
diameter when plotted on ordinary cross-section paper is concave 
upwards, falling rapidly in the small diameters and flattening as the 
larger diameters are reached. When plotted on logarithmic cross- 
section paper, this curve assumes a straight-line form. For many 
species the slope of this logarithmic straight-line graph is constant, 
but its elevation differs with species. This curve is represented by 
the equation, 

log iV= —1.605 log D-^k 

in which N is the number of trees per acre, D is their average diameter 
(by basal area), and k is a constant varying with species. When k 
is 4.605 the curve passes through the point representing 10 inches 
average diameter, 1,000 trees per acre, as shown in Figure 1 (solid 
line). This curve will be referred to hereafter as the “reference 
curve.” 

CONFORMITY TO THE REFERENCE CURVES 

In Figure 2 is shown a series of California red fir (Abies magnified 
A Murray) yield-plot values as collected by Schumacher (5). The 
reference curve is a very good fit for the maximum values. Similarly, 
in Figure 3, a curve parallel to the reference curve but passing through 
10 inches, 830 trees, expresses the maxima for yield-plot data for 
white fir (A. concolor LindL and Gord.). 

Other species also conform to the reference curve. Curves parallel 
to the reference curve are fitted to yield-plot values for the mixed 
conifer types in California (measured by Dunning, Show, and others) 
in Figure 4, A, to second-growth Douglas fir (Pseudotsuga taxif alia 
(LaM.) Britt.) in Oregon and Washington (measured by McArdle) 
in Figure 4, B, and to second-growth Douglas fir in California (meas- 
ured by Schumacher) in Figure 4, C, 
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In Figure 5 data are shown for planations of Eucalyptus globulus 
LabilL (5), for second-growth ponderosa pine {Pinus ponderosa 
Laws.) as iiieasured by Gallaher, and for second-growth redwood 
(Secpioia sempermrens (Lamb.) Endl.) as measured by D. Bruce. 
Most of the eucalyptus plantations (fig. 5, A) were widely spaced and 



Figure 2.— -Number of trees— average diameter relation for red fir, with reference curve defining 

the maxima 


very young. They were, therefore, much understocked when meas- 
ured. The maximum points to which the curve (parallel to the 
reference curve) has been fitted, represent the few closely spaced or 
older plantations. 

The data for ponderosa pine (fig. 5, C) were taken to represent 
“overstocked” stands. Although these data cover only a small 
range in average diameter, they fit the curve of standard slope quite 
well. 
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The maximum curve for redwood (fig. 5, B) is less well defined. 
The distribution of plots by average diameter is poor, however, and 
additional data lielow 10 inches ancl above 2() inches are necessary to 
establish conformity or nonconformity with the reference curve. 

In each of the preiieding gi*oups of data, the curve has been fitted 
to represent the iiiaxiinum values rather than the average. Ordi- 



Figuke 3.— The maximuiii staiid-deusity index for white fir is 830, as shown by the curve de- 
fining the maxima and paralleling the reference curve 


narily the average values of any group of data will define a curve 
better than the maxima, especially if the conditions of random sam- 
pling are met. In yield studies, however, biased sampling, as to 
stand density, is the rule. Plots are selected for maximum stocking 
and poorly stocked plots are not desired, but in some circumstances 
normality standards must be lowered to secure adequate representa- 
tion of stands of certain ages or site quality. This is usually neces- 
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sa,ry with the larger, older sta,nds ; since they are more mature, many 
of the better stands are cut, leawing only the poorly stocked ones 
which are less desirable commercially. The result of such a selection 
would be a lowering of a verage stand density for large stands, which 
would lower the large-diameter end of the number of trees— average 
diameter curve. This distortion is avoided by fitting to the maxima, 
would lower the large-diameter end of the number oj trees — average 
diameter curve. This distortion is avoided by fitting to the maxima. 



Figure 4.— Maxima curves for: A, Mixed conifer stands in California; B, Douglas fir in Wash- 
ington and Oregon; C, Douglas fir in northern California. Note that the maximum stand- 
density index is almost identical (approximately 595) for both groups of Douglas fir 


Where random sampling is secured, as in strip cruises, fitting 
to average points is more satisfactory. Figure 6 represents such 
a case, the data resulting from a strip cruise by G. H. Barnes in 
second-growth lodgepole pine in British Columbia {la) . The numbers 
in Figure 6 indicate the number of l-acre plots represented by each 
average point. The solid line is parallel to the reference curve; the 
broken (straight) line corresponds to the curve fitted by Barnes on 
semilogarithmic paper. 

In aU the above examples, the reference curve, or one parallel 
thereto, has fitted reasonably well.^ This is also true for longleaf 
pine (fig. 7, C) and for loblolly pine (fig. 7, B), based on yield-study 
plots. In Figure 7, A, showing measurements at 5-year intervals of 

(L.) B. & P.) and toEorthern white 
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two permanent sample plots in loblolly pine, tlie same slope is indi- 
cated. The slope for slash pine, Figure 7, I), is slightly steeper than 
for the reference curve (broken line), altliough it is iione too well 
defined. For shortleaf pine, however, the slope is definitely steeper. 
(Fig. 7, E.) 

This possible nonconformity of slash pine, and the definite noncon- 
formity of shortleaf pine, may be due, perhaps, to the influence of fire. 
Although unburned plots were sought for the yield study, few of them 



were entirely free of fire damage, and the chances of fire injury were 
obviously greater in the older, larger stands. 

EFFECT OF AGE AND SITE QUALITY 

Before accepting this relationship of number of trees per acre to 
average diameter as an index to stocking, it is necessary to examine 
into the possible effect of age and site quality. Multiple linear 
correlations were computed for several species with number of trees 
per acre in a percentage of the maximum curve as the dependent 
variable, and with height of average dominant tree of the stand and 
total age of stand as independent variables. Age and dominant 
height were used in preference to site index, since the latter would 
be infliieneed by any improper shaping of the site-index curves. The 
regression equations, with the statistical measures, are given in 
Table 1. 
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Tabie 1 . — Regression equations and statistical measures resulting from multiple 
Imear correlations of trees per acre, dominant height^ and total age of stand 


Species 

Regression equation 

Aliena- 
tion co- 
efficient 

(h)rrelaliou 

coefficnent 

Ral.io of 
correla- 
tion co- 
efficient 
to iiro li- 
able error 

Douglas fir (in California) — 

Percentage number of trees=— 0.067 age 
+0.011 dominant height+51. 075. 

0. 990 

0. 141 ±0. 0501 

2. 81 

White fir 

Percentage number trees= 0.006 age+ 
0.095 dominant beight+56.491. 

.978 

.208+ .071 

2. 93 

Red fir 

Percentage number trees -0.229 age— 
0.194 dominant height+61.98. 

.968 

.072+ .049 

1.47 


For Douglas fir and wliite fir, the regression coefficients are very 
sniall. For red & they are considerably larger, but the correlation 

coefficient is the smallest 

I (0.072) and least significant 

spoo : (correlation coefficient only 

4 poo\ 1.47 times its probable error). 

\ For each species the correla- 

3,000 tion coefficient is small and 

\ 4 insignificant, since it does 

N not exceed three times its 

probable error. 

13 Apparently, there is no 

< f\ significant or appreciable 

5 \ correlation between age or 

^ ipoo site quality and the number 

2 QQQ \ of trees per acre for a given 

a 7 QQ isV average diameter. It is, then, 

^ gQQ safe to use the number of 

o ^ \ trees — average diameter cxityb 

5 ^ as a standard to which siini- 

400 lar values of an individual 

^ stand may be compared to 

300 V determine its density of 

Va stocking. 


^uu PERCENTAGE STOCKING 

4"^ \v 

\ The namerical expression 
of density of stocking may 
^QQ | I I I I I I I I take two forms. The obvF 

2 3 4 5 6 7 8 910 20 ous Way to expiess tliis iiieas- 

AVERAGE DIAMETER (INCHES) ure is to est^lish the posi- 

^mted/atisSSyto’potattba^^^^ tion of the nwnber of trees— 

pole pine stands in British Columbia; the broken line cor- (iveraae diameter Clirve f OT 
responds to the curve fitted by Barnes on semilogarithmic • t ' 

, paper ^ maximum or 100 per cent 

stocking for a given species 
and to express individual stand values as a percentage of this maximum 
curve. Thewalue thus derh ed may be termed the ^^percentage stock- 
ing. This is a simple, usable measure, but has the disadvantage of 
requiring prior determination of the maximum curve. Comparison of 
one species with another is less simple, because of differences in maxima. 



5,000 



636 Journal oj Agricultural Research voi. 40, no. 7 


STAND-DENSITY INDEX 

A second expression for density, whicli may be termed the ^'stnnd- 
density index,’’ perinits direct comparison between species in addition 
to expressing x^arying stand densities witliin a species. Using the 
reference ciiiwe as the basis for all species for which the slope is the 
same as that of the reference curve, ^ the number of trees per acre in 
a gix^en stand is plotted on a graph similar to Figure 1 (with the 
broken-line curves omitted) and a line is drawn through this point, 
parallel to the reference curve, until it intersects the 10.0 inch ordinate. 
The nimiber of trees at this point of intersection is taken as the stand- 
density index.^ Since the reference curve passes through 1,000 trees 
per acre at 10.0 inches, this value is ten times the percentage relation 
between the stand and the reference curve. 

In practice, determination of the 10-inch intercept value by means 
of the parallel line as described above is not necessary. To Figure 1 
has been added a series of broken-line curves parallel to the reference 
curve and intersectmg the 10-inch ordinate at 100, 200, 300 trees, etc., 
and so labeled. When the average diameter and number of trees per 
acre of a stand are plotted on this graph, the stand-density index (to 
the nearest 50 trees per acre) is given by the parallel line nearest the 
plotted point. By interpolation between curves, stand -density index 
may be read easily to the nearest 10 trees per acre. 

Stand-density index can also be expressed as a percentage of the 
reference curve. It is deemed more desirable, however, to use the 
number of trees as the index. This is a quantitative, not a relative, 
measure and permits a better visualization of stand conditions. 
Furthermore, the use of number of trees as the index avoids confusion 
with the percentage stocking values discussed previously. 

It is deemed desirable, therefore, to liniit the use of percentages to 
percentage stocldng values, for comparison of stands of the same 
species. For interspecies comparisons, the stand-density index ex- 
pressed in number of trees is desirable, not only because it is a quan- 
titative measure, permitting better visualization of stand conditions, 
but because it is directly proportional to the percentage relationshix^ 
(ten times the latter), thus incorporating any advantages of the per- 
centile values, yet avoiding confusion with percentage stocking. 

CONCLUSIONS 

The method of determining density of stocking in even-aged 
stands, which has been described, has the advantages of simplicity, 
freedom from correlation with age and site index, and general appli- 
cability. The equation derived, expressing the relationship between 
number of trees per acre and average diameter, satisfies the data for 
12 of the 14 species investigated and departs but slightly for the 
thirteenth. Additional species should be investigaged for conformity 
with results presented here. For species, or groups of species, not 
conforming to this equation, separate reference curves may be estab- 
lished, but it is recommended that the number of trees at an average 

^ For species in which the slope differs from that of the reference curve, a curve paralleling its maximum 
curve and passing through 1,000 trees at 10.0 inches can be used as a reference curve. 

« This stand-density index is determined very much as is site index, since it is the number of trees per 
acre with an average diameter of 10.0 inches which the stand had or will have, asssuming that the change 
in number of trees and average diameter progresses parallel with the reference curve; 
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diameter of 10 inches be maintained as the basis for stand**density 
index, , 

Similar investigations of selection stands will he of valne. Schsefl’er 
{9) points out that the distrihution of trees by diameter in selection 
stands can also be represented by a straight line on logarithmic graph 
paper. 

^ SUMMARY 

The correlation between average diameter of an even-aged stand 
and the other statistical measures by which the diameter distribu- 
tion is described permits the use of average diameter alone as a basis 
for comparing the densities of stands. Of a group of stands of the 
same average diameter, and, therefore, having the same distribution 
of diameters, the stand with the greatest number of trees per unit area 
is obviously the most completely stocked. Age and site quality have 
no significant effect upon this relationship. 

For a given species, the maximum number of trees that it is possible 
for a stand to have is correlated negatively with the average diameter. 
The curve representing this relationship assumes a straight-line form 
when plotted on logarithmic paper and is termed the reference curve. 

In 15 groups of data representing 14 species (13 coniferous), the 
slope of the number of trees — -average diameter curve was identical for 
12 species. The slope for slash pine was slightly greater; that for 
shortleaf pine was appreciably greater. The heights of these curves, 
at a given diameter, varied between species. 

By means of the reference curve “stand-density index” is derived 
for a given stand by plotting its number of trees and diameter, passing 
a line, parallel to the reference curve, through this point, and reading 
the number of trees per acre at its intersection with the 10-inch ordi- 
nate. This expression may be used for comparisons between species 
and within a species. 

Percentage stocking is the percentage expression of the ratio be- 
tween the number of trees per acre in a given stand and the number, 
•for the same diameter, taken from the maximum curve for the species 
involved. This expression should be used only for comparisons within 
a species. 
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YELLOWS-RESISTANT lines op jersey WAKEFIELD 

CABBAGE^ 

By J, C. Walicke 2 

Agent, Division of Horticiiltural Crops and Diseases, Bureau of Plant Industry, 
United States De/partment of Agriculture, and Professor of Plant Pathology, 
University of Wisconsin 

INTRODUCTION 

In a previous paper ^ the writer has presented the results of a 
study of the inheritance of resistance to the yellows organism {Fusari- 
nm congluiinam Wr.) in cultivated and wild cabbage (Brassica oleracea 
L.). In this earlier paper the symptoms of the disease were described, 
and data were reported on progenies from resistant and susceptible 
plants of the varieties All Head Early, Copenhagen Market, and 
Glory of Enkhuizen and from crosses between resistant and suscep- 
tible individuals of these three varieties. From the results of this 
work it was concluded that resistance is controlled by a single domi- 
nant gene (R) allelomorphic with a single susceptible gene (r). It 
was also pointed out that all plants belonging to the recessive sus- 
ceptible class (rr) did not, under field conditions, beconie equally 
affected by the disease. Some died promptly; others, although dis- 
eased, continued to live for varying periods and sometimes recovered. 
It still remains to be determined whether the expression of the disease 
may be influenced by other factors than the main gene for resistance. 

In the course of the investigation referred to, attention was given 
to the inheritance of resistance in the Jersey Wakefield variety. 
Resistant individuals of this variety were self-pollinated. The 
resulting progenies, when tested upon yellows-infested soil, segregated 
very nearly in the ratio of 3 resistant to 1 susceptible. Moreover, 
progenies from selfed individuals showed that the resistant class 
consisted of homozygous plants (RR) and heterozygous plants (Rr) 
approximately in the expected ratio of 1 to 2. 

The ])resent ]>aper is a report of a continuation of the study of 
these lines. The investigation had two main objects: (1) To confirm 
previous findings regarding the homozygous condition for resistance 
by testing sel(‘(‘I.ed lines through succeeding generations and (2) to 
determine wludiher it was possible to combine this resistance with 
the essential features of the Jersey Wakefield variety, The latter 
problem is important from the practical standpoint, since it has not 
heretofore becui determined whether resistance in cabbage is linked 
with certain (‘haracters that might involve alteration in the standard 
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type of a variety. It has, however, been found by past experience, 
that resistant varieties of cabbage are usually somewhat removed 
in type from the variety from which they were selected. 

METHODS OF EXPERIMENTATION 

The methods of seed growing and field testing for resistance 
previously described'^ were employed in the present investigation. 
No attempt, however, will be made to classify the various grades of 
susceptible plants, since the study of this phase of the general problem 
is reserved for special tmatment. All plants showing signs of yellows 
were permanently marked for the season and vere classed as sus- 
ceptible, and although the degree of infection was recorded it will 
not be discussed in this paper. 

EXPERIMENTAL RESULTS 

As uniform a stock of commercial Jersey Wakefield as could be 
secured was planted in 1925 on the yellows-infested field, plot in 
Kenosha County, Wis., hereafter referred to as the yellows plot. 
The plants were distributed among five lots at different locations in 
the plot. The total number of plants and the percentage that 
became diseased in each lot are given in Table 1. It will be seen 
that the amount of disease varied somewhat but that the resistant 
plants approximated 20 per cent of the total. In all there were 58 
plants that remained free from symptoms of disease throughout the 
season. Some of these were obviously below the standard for the 
variety and were discarded. About 35 plants were saved and planted 
in the greenhouse for seed production during the winter of 1925“26. 


Table 1. — Yellows in commercial Jersey Wakefield on the field trial plot in 1925 


Lot No. 

Total 

plants 

Diseased plants 

I : 

Number 

67 

67 

57 

67 

73 

Number 

59 

58 

44 

54 

5.8 

Per cent 

88. 1 
86. 6 
77.2 
SO. 6 
79. 5 

2 

3. ■ 

4 

5 - 

Total 

331 

273 

82.5 


FIRST-GENERATION SELECTIONS 

Owing to losses from decay of the main stems of the plants during 
the winter, seed was secured from only 14 plants of the group se- 
lected from the resistant survivors of Jersey Wakefield. Seed from 
self-pollination was obtained from . 13 plants, and four sib crosses 
were made. The behavior of the progenies when tested on the yellows 
plot in 1926 has already been desciibed.^ Certain of the progenies 
were retested in 1927, and the results confirmed those previously 
obtained. It may suffice, therefore, to point out here that segregation 
was generally that of a monohybrid, and that when all plants showing 
any sign of disease were placed in the susceptible class this group 
contained approximately one-fourth of the individuals. 


yWALKER, J. C. Op. cit. 
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Whether the progenies selected for resistance to yellows maintamed 
the characteristic appearance of the type was not considered in the 
earlier paper. At the time of the initial selections only those plants 
were retained that conformed reasonably closely to the desired type 
of eTersey Wakefield. It should be remembered, however, that cab- 
bage is an open-pollinated plant and that the individual may there- 
fore be expected to be heterozygous for many of its characters. 

Table 2 shows the data on the first-generation progenies. It will 
be seen that all the progenies segregated for resistance and suscepti- 
bility and that approximately 25 per cent of the plants were in the 
susceptible class. Data on type were taken for the plants in the re- 
sistant class, which contained approximately 75 per cent of the total. 
Since only the outstanding points are considered here, the character- 
istics ascribed to a given progeny apply to most but not necessarily 
to all individuals in that progeny. ^Although this study was not 
concerned with the inheritance of any character of cabbage other 
than resistance, in the selection of resistant strains an effort w^as made 
to maintain or improve the type. 

Table 2. — Results of field trials on yellows-infested soil with 'progenies of first se- 
lections from Jersey Wakefieldj as compared with two commercial susceptible 
varieties 

PROGENIES FROM SELFED PLANTS AND SIB CROSSES OF .TERSEY WAKEFIELD 


3--, 

7..- 

10 

12 . 

15 . 

17 

11 ). 

21 


Parent plant No. 


Year of 
trial 


Total 

plants 

tested 


Plants 
show- I 
ing 

yellows 


Notes on resistant plants 


1926 


Number 

25 


Per cent 
16.0 


Late maturity; stems too long. 


1920 

1926 

1927 
1926 
1926 

/ 1926 
I 1927 
1926 
1926 
1926 
1926 
/ 1926 
1 1927 



117 

71 

22 

32 

85 

185 

92 

216 

94 

30 

17 

180 

173 


31.6 
25. 4 

27.3 

31.3 

27. 1 

14.6 
23.9 

24. 1 
9.6 

13. 3 

29.4 
23. 3 
28.3 


Late. 

Early; good type. 

Do. 

Early; heads too slender at base, 
Late; heads too slender at base. 
Early; good type. 

Do. 

Late; coarse; irregular. 

Fairly early ; good type. 

Late, 

Do. 

Early; good type. 

Do. 


29 

34.. 

6X3 

7X10„„ 

UX12<, 

21X15 

Total 


1926 
1926 
1926 
/ 1926 
1 1927 
1926 
/ 1926 
1 1927 


61 

139 

36 

177 

180 

61 

121 

31 


19. 7 

21,6 

19.4 

29.4 

34.4 
32.8 
26.6 

19. 4 


2, 145 


24. 6 1 
1 


I^ate; coarse; leafy. 

I^ate; stems too long. 

Poor showing of seifs of two parents. 
Early; excellent t,ype. 

Do, 

Early; good type. 

Early; excellent type. 

Do. 


COMMERCIAL SUSCEPTIBLE VARIETIES 


Variety 

Year of 
trial 

Total 

plants 

tested 

Plants 

showing- 

yellows 

Danish ,Ballhea<i . , , . - A . „ . ..... ' 

r 1926 
i 1927 
r 1926 

1 1927 

Number 

41 

251 

240 

.265 

1 Per ceM 
82. 9 

96.4 

87.5 
80,0 

Copenhagen Market 
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It will be seen that the average date on which many of the progenies 
matured Avas later than desirable. Of the strains that were satis- 
factoiy for earliiiess, all but one, that from plant 8, approached the 
ideal for other type characters. Selectioris were again m^de from 
the best progenies including selfed progenies from plants 7, 10, 15, 
and 21 and from sib crosses 7 X 10, 11 X 12, and 21 X 15. 

SECOND-GENERATION SELECTIONS 


From the plants selected from the first-generation progenies, seed 
was secured in the greenhouse in the winter of 1926-27 by seJf-pollina- 
tion, by brother-sister matings, and by crossing with plants of a 



Eigure 1.— -Trial plot on which cabbage progenies were tested for resistance to the yellows organ- 
ism. Bamboo stakes mark diseased plants: A, Self progeny from plant 155, which is segregating 
Into resistant and susceptible classes; B, hybrid progeny 116X137 from a cross between homo- 
zygous resistant plant 116 and plant 137, which was heterozygous for this character; since the 
resistant gene is dominant, all plants remained healthy; C, self-progeny from homozygous 
resistant plant 116; all plants remained healthy; D, susceptible Copenhagen Market variety 
almost completely killed by the disease. (For further data, see Table 3) 

homozygous susceptible line. The breeding behavior of these plants 
in regard to resistance and susceptibility has been discussed in the 
earlier paper.® It was shown that of the resistant survivors selected 
from the first-generation progenies approximately one-third were 
homozygous for resistance (fiS) and the remainder were heterozygous 
(Rr). The breeding behavior as to type of the progenies from self- 
pollination and sib crossing is summarized in Table 3. The appear- 
ance of certain of the progenies in the field is illustrated in Figure 1. 


5 Walker, J. C. Op. cit. 
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Table ^.—Results of field trials on yellows-infested soil with second-generation 
progenies fro'ni Jersey Wakefield, as compared with three commercial susceptible 
varieties 

PROGENIES FROM SET.FED PLANTS AND SIB CROSSES OF JERSEY WAKEFIELD 


Parent plant No. 

1 Genotype 
class of 
parent 
plant, 

Year 

of 

trial 

Total 
plants 
tested i 

Plants 

showing 

yeliows 

Notes on resistant plants 




Number 

Per cent 



HR 

1927 

30 

0 

Shows loss of vigor; late. 


RR 

1927 

34 

0 

Early; off-color. 


RR 

1927 

20 

0 

Show loss of vigor; late. 


RR j 

1927 

7 

0 

Shows loss of vigor. 



f 1927 

44 

0 

Early; uniform; good type. 


1 RR 1 

\ 1928 

20 

0 

Do. 



1 1929 

35 

0 

Do. 



1927 

74 

0 

Do. 


RR 

1928 

17 

0 

Do. 



1 1929 

25 

0 

Do. 


Rr 

1927 

30 

26. 7 

Late; off-color. 


Rr 

1927 

26 

23.1 

Shows loss of vigor; late. 


Rr 

1927 

13 

46.2 

1 Shows loss of vigor. 


Rr 

1927 

32 

34.4 

Do. 

157.... - - 

Rr 

1927 

59 

28.8 

Uneven in maturity. 


Rr 

1927 

34 

26. 5 

Shows loss of vigor. 

124 X 135 

RR X RR 

1927 

19 

0 

■Early; good type. 



{ 1927 

36 

0 

Do. 

140 X 110 

RR X RR 

\ 1928 

30 

0 

Do. 



1 1929 

53 

0 

Do. 

115 X 135 

Rr X RR 

1927 

45 

0 

Early. 

116 X 137,,..., - 

RR X Rr 

1927 

45 

0 

Late. 

117 X 139 

RR X Rr 

1927 

30 

0 

Early. 

135 X 115 

RR X Rr 

1927 

9 

0 


154 X 136 

RR X Rr 

1927 

17 

0 

Do. 

158 X 124..., 

Rr X RR 

1927 

24 

0 

Late. 

157 X 117 

Rr X RR 

1027 

73 

0 

Early. 

131 X 109 - 

Rr X Rr 

1927 

27 

29.6 

Late; heads poorly shaped. 

138 X 155 

Rr X Rr 

1927 

32 

25.0 

Late. 


COMMERCIAL SUSCEPTIBLE VARIETIES 


Variety 

Year 

of 

trial 

Total 

plants 

tested 

Plants 

showing 

yellows 

Danish Ballhead .... „ - 

f 1927 
\ 1928 

1 1929 
1928 
r 1927 
\ 1928 

Number 
25 L 
298 
293 
152 
255 
61 

Per cent 
96.4 
94. 6 

91.1 
90. 8 
80.0 

90.2 

Jersey W akefield - 

Copenhagen Mlirket - - 



It will be seen that further segregation as to type occurred. Many 
progenies from self-pollinated plants showed a decided reduction in 
vigor, as the writer has previously observed in cabbage. Two prog- 
enies, however, were outstanding in holding a remarkable degree of 
uniformity of eaiiiness and other desirable characters along with 
vigor. These were progenies from the self-pollination of plants 140 
and 154. Of the progenies from sib crosses, 124 X 135 and 140 X 116 
were equally satisfactory, although of the four parent plants entering 
into these crosses only plant 140 produced a superior progeny when 
self-pollinated. 

Since the four progenies just mentioned were all homozygous for 
resistance they became the source of plants for further selection. Ail 
other lots were discarded. 


172087—33- 
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SUBSEQUENT GENERATIONS 

Since a fairly high degree of uniformity in type and maturity had. 
been attained in the progenies saved from the second generation^ no 
further self-pollination was practiced, except in one case noted later. 
Groups of plants were planted in isolated places, and cross-pollination 
by means of insects was allowed to follow. The seeds from plants in 
each such lot wexe mixed. The sources of the mother seed plants and 
the lot numbers of the seed secured were as iollows: 

Seed lot No. Source of mother seed plants 

20~-28-A Self progeny of plant 140. 

20~201s®*-- Progeny 124 X 135. 

20-29-C___ Progeny 140 X 116. 

20-30-A - .. Seed lots 20-28-A and 20-29-C. 

20-30-B Progenies 140 X 116, 201s, and seed lot 20-29-C. 



Figure 2.--Sample individuals taken from homozygous resistant lines of Jersey Wakefield 
cabbage, at maturity. These are reasonably close to the types represented in acceptable 
commercial susceptible stocks of this variety. The conical-shaped head is characteristic. 
Note that the outer leaves of the head extend to the apex or overlap it slightly. A, Head taken 
from seed lot 20-29-0. B, Plant from lot 20-201s 


All the seed lots listed were tested on yello\¥S-infested soil either in 
the yellows plot or in the greenhouse. The results of these trials 
(Table 4) show that the plants were as completely resistant as the 
progenies from which they were derived. It may be concluded there- 
fore, that resistance was completely fixed in these lines, vSample 
individuals are illustrated in Figure 2. 


Table 4.— -Results of tests on yellows-infested soil of strains derived from homozygous 
resistant second-generation progenies 


Seed lot No. 

. ■ 

Where tested 

Plants 

tested 

Plants 

diseased 

20~28-A._.__. 

Field... . .. 

Number 

280 

170 

365 

94 

72 

300 

Number 

None. 

Do. 

Do. 

Do. 

Do. 

Do. 

20-201S.-. 

.....do...... ' 

20-29-C.... . ... 

- do 

20~30”A-. 

Greenhouse--...—.-.--.— . .. . . . 

20-30-B 

f._— do: ... . — 

(Field——— — - .. 



8 In this lot only one plant blossomed. The blooming plant was selfed. 
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COMPARISON OF THE RESISTANT STRAINS WITH COMMERCIAL 
JERSEY WAKEFIELD 


It has been pointed out that during the course of this work a special 
effort was made to select for uniformity of maturity and for the 
desirable characters of the Jersey Wakefield variety. After seed had 
been secured in sufficient quantity, comparative tests were made in 
1931 at Madison, Wis,, of three of the lots listed on page 644, together 
with four lots of Jersey Wakefield secured from commercial sources. 
Each lot was planted in double rows, 30 plants to a row, on soil free 
from yellows, and the complete series was run in triplicate. Seed 
was sown in flats in the greenhouse on April 1 . Plants were pricked 
out into flats and placed in a coldframe on April 17 and set into the 
field on May 22. The season was decidedly favorable for cabbage 
development, except that at the time when heading began the air 
temperature was unusually high. This appeared to increase some- 
what the degree of irregularity in maturity. 

The first mature heads were noted on the fifty-third day after 
transplanting. The number of mature marketable heads was re- 
coi’ded at 3-day to 4-day intervals thereafter. Table 5 shows the 
percentage of mature plants in each lot on the fifty-third day and 
at regular intervals up to the seventy-fifth day. It will be seen that 
considerable variation occurred among the four coininercial lots. 
Lot 4 had the largest number of mature heads on the fifty-third day, 
and this lot continued to mature more rapidly than the others. Lot 
2 was decidedly the slowest of the commercial lots in maturing. 


Table 5. — Niimher of days from transplanting to inaiurity for various commercial 
and resistant strains of Jersey Wakefield at Madison, Wis., 1931 



Percentage of plants reaching mature-head stage in— 

Period from transplanting to maturity (days) 

Commercial strain No. 

Besistant strain No. 


1 

2 

3 

4 

20-28~A 

20-30~A 

20-3()-B 

53 . 

1(5 

8 

13 

24 

37 

7 

8 

,% . , . . .... 

29 

13 

23 

38 

33 

63 

73 

17 

23 

59 _ . . „ 1 

47 

23 

46 

59 

25 

34 

92 1 

55 

28 

50 

81 

39 

51 

|]5_ . . . .... .. 

78 

58 

73 

97 

80 

90 

m 

79 

(18. ... 

8(1 

80 

90 

92 

(58 

89 

72 

92 

79 

89 

92 

95 

72 

91 

75... - ■ 

93 

85 

90 

94 

97 

80 

94 






Resistant strain 20“-28*~A was distinctly superior to all other lots 
not only in the number mature on the fifty-third day but also in the 
promptness with which the remaining plants came to head. It is to 
be recalled that this lot was derived from the selfed progeny of plant 
140. Each of the two other resistant strains was derived from plants 
from several progenies. They did not mature as promptly as 20^28-A, 
20-30-B was better in this respect than ^O^-SO-A. Both were in the 
range represented in the commercial lots. These data show that so 
far as time of maturity is concerned the resistant strains are within 
the limits represented by the commercial variety from which they 
werC; originally derived." . 



646 


Journal of Agricultural Research 


Vol. 46, No. 7 


For comparing the relative earliness of the various susceptible and 
resistant lots, the most satisfactory criterion is the time required for 
50 per cent of the plants in a given lot to reach maturity. On this 
basis 20-“28~“A was distinctly superior to all other lots, for 63 per cent 
of the plants of this lot were mature 56 days after transplanting. 
No other lot reached this stage until the sixty-second day, when 
susceptible lots 1, 3, and 4 and resistant lot 20-30-B showed 50 per 
cent or more mature plants. Susceptible lot 2 and resistant lot 
20~30~A did not reach this stage of development until the sixty- 
fifth day. 

To secure a comparison of other characters, certain measurements 
were made of the first 50 heads that matured in each lot. These 
measurements are given in Table 6. The three resistant strains were 
uniformly about 2 cm less in height of plant than the susceptible 
lots. Susceptible lot 2 had the greatest spread of plant; all other 
lots were reasonably similar in this respect. In number of outer 
leaves 20-28-A was lowest, and susceptible lot 2 was highest. The 
other five lots showed little variation in this character. 

In weight of outer leaves there was considerable variation. This 
is an important character and should be considered in relation to 
weight of head. Seasonal conditions, of course, influence greatly the 
proportion of outer leaf to head. In 1931 at Madison the proportion 
of weight of leaf to weight of head w^as unusually high, probably 
because of the extremely high temperatures when the plants were 
approaching maturity. It will thus be seen in the calculated ratios 
of leaf weight to head weight that the latter ranged from 50 to 91 
per cent of the former. Under most favorable seasonal conditions it 
might have averaged 150 to 200 per cent. Under the conditions of 
this experiment susceptible lot 2 showed the largest amount of leaf 
weight in proportion to head weight. Resistant strain 20"30"~A was 
also relatively high in leaf weight. Lots 3 and 4 were the lowest of 
the susceptible strains in relative leafiness, and resistant strain 
20-30~B was very close to them. Of all the strains tested, however, 
20~-28-A had the lowest leaf weight in proportion to head weight. 

The various measurements of length and diameter of stem show no 
important differences among the several strains. The length of head 
from top to base and the diameter (taken at the point of greatest 
diameter) were considered in relation to each other. The length 
ranged froni 1.39 times the diameter in commercial strain 2 to 1.64 
times the diameter in resistant strain 20-3 O-B. Length ot core is 
also an important feature and may be considered in relation to length 
of head. Relative shortness of core is, of course, desirable. Ratio 
of length of core to length of head ranged from 1:2.08 in resistant 
strain 20^28-A to 1 : 2.57 in 20-30-B. Resistant strain 20-30-A and 
all the susceptible lots fell between these extremes. 

The characters of outer leaves in the various lots showed no tangible 
differences except in color and bloom. In the resistant strains there 
was slightly less bloom than in the susceptible ones. Reduction in 
bloom tended to give a yellower cast to the foliage as well as to the 
outer leaves of the head. This deviation, however, was not considered 
suflScient to detract materially from the commercial value of the re- 
sistant strains. ^ Furthermore it is to be noted that the amount of 
bloom varies with season and soil. 



Table 6, — Physical measurements of various commercial and resistant strains of Jersey Wakefield, groimi at Madison, Wis., 1931 
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DISCUSSION 

In the course of this report it has been shown, that hoinozygoiis 
resistant progenies selected from commercial Jersey Wakefield have 
been repeatedly secured. Rigid selection for conformity to type 
within these lines was practiced and three distinct strains were de- 
veloped and carefully compared for maturity and important physical 
measurements with four commercial stocks of the original variety. 
One of these resistant lines was derived directly from a selfed progeny 
and each of the two other lines from a combination of two or more 
resistant progenies that w^ere allowed to cross-pollinate.^ ^ The object 
ill varying the procedure was to determine the feasibility of prac- 
ticing self-pollination until resistance was fixed and other desirable 
characters were also more stable and then continuing the line by sib 
crossing within the progeny. Although some progenies showed dis- 
tinct loss of vigor from selfing, others showed no detrimental effects. 
One of the latter (the self progeny from plant 140) was sib crossed 
and yielded seed lot 20-28-A. 

The data in Tables 5 and 6 show that two of the resistant lines, 
20-28--A and 20-30-B, were reasonably like the better commercial 
stocks 1,3, and 4. Commercial Jersey Wakefield 2 was obviously a 
poor stock of the variety, since it was later in maturity than is desir- 
able and tended to show excessive leafiness. Of the two resistant 
strains, 20-28-A was distinctly superior to all strains in earliness and. 
in proportion of leaf weight to head weight. It had, however, two 
objectionable features, namely, the diameter of the head, which was 
relatively greater, and the core, which tended to be longer, than those 
of acceptable commercial strains. Resistant strain 20-30-B, on the 
other hand, was much closer to the three best susceptible stocks. 
Although it was not so early as 20-28-A, it compared favorably in this 
respect with susceptible stocks 1, 3, and 4. Furthermore, it was nearer 
the accepted commercial strains in head diameter and core length. 
In view of these characters, it is probably better fitted for increase and 
general use than is 20-28~A. 

As a result of this investigation, the writer wishes to emphasize 
the desirability of most careful and rigid selection for type in the 
course of impmvement of cabbage for resistance to yellows. In the 
work presented here it has been possible to combine resistance with 
the more important type characters found in acceptable commercial 
stocks, without prolonging the program through repeated back cross- 
ing to the susceptible stock. The latter procedure should be used, 
however, when it becomes necessary to accumulate in the resistant 
line the genes controlling desirable characters. 

SUMMARY 

The evidence presented in this paper confirms the results reported 
earlier, from which it was concluded that a single-factor difference 
exists between plants highly resistant or highly susceptible to the 
yellows organism. It is further demonstrated that from resistant 
survivors occurring when the Jersey Wakefield cabbage is planted on 
infested soil homozygous resistant pure lines can be secured which 
continue to be completely resistant in succeeding generations. 

^ In the course of this investigation it was found that by rigid selec- 
tion for type and uniformity of maturity it is possible to combine the 
desirable characters of this variety with resistance. 



THE EFFECTS OF NONBENEPICIAL NODULE BACTERIA 
ON AUSTRIAN WINTER PEA ^ 


By Lewis T. Leonard, Bacteriologist, Soil Investigations, Bureau of Chemistry 

and Soils, and W. R. Dodson, Agent, Animal Husbandry Division, Bureau of 

Animal T7idusiry, United States Department of Agriculture - 

INTRODUCTION 

When typical nodules form on the roots of legumes the bacteria 
which they contain are presumed to be working in harmony with the 
plants, furnishing nitrogenous compounds manufactured from the 
gaseous nitrogen of the air. Apparently this is not always the case, 
however, for occasionally a condition arises in which there is no doubt 
that the nodule organisms have exerted a detrimental effect. In 
many other instances it is probable that the bacteria live on the roots 
of the legume without appreciably influencing the plant. It is to be 
expected that all grades of efficiency exist among the legume bacteria. 

REVIEW OF LITERATURE 

The nature of the association of legume and nodule bacteria has 
long been in doubt. By some it has been regarded as parasitism, 
but if it is so, it can only be considered as theoretical parasitism. 
V oorhees and Lipman {12, p. 92)^ state : 

* * * in the very definition of the term, parasitism involves a more or less 

marked injury to the host, which, at best, derives no benefit from the invading 
organism. In the phenomenon under consideration, however, there is, under 
normal conditions, a distinct gain to the host plant, and hence the term ^‘para- 
sitism” is not applicable. 

Woronine (IS), who first discovered bacteria in nodules, referred to 
them as parasites. Smith (10, v, 2, p, 97), considered nodule bacteria as 
parasites, since they pass through the same stages as disease-producing 
organisms. Jones (7) attributes parasitic tendencies to mung-bean 
nodules growing under submerged conditions. 

Eaton (J) has reported that nodule production on soybeans bears a 
direct relation to light, and Leonard (^), also working with soybeans, 
has shown that a lack of light, or interference with the organs utilizing 
light, reduces the beneficial effects of symbiosis in accordance with the 
severity of the light deficiency. Thornton {11) states that para- 
sitism in nodule bacteria is induced by cutting off the carbohydrate 
supply. 

The appearance of ill effects among legume plants growing under 
optimum conditions is due to another type of parasitism — a para- 
sitism inherent in the invading organism. In cases of this kind the 
organism enters the roots and forms nodules, but these are not 
beneficial. 


1 Received for publication June 8, 1932; issued May, 1933. 

2 The services of Daniel Ready, Bureau of Chemistry and Soils, and of A . P. Kerr, Louisiana Agricultural 
Experiment Station, in making nitrogen and other analyses, and of .1. B. Thompson, Bureau of Plant 
Industry, in assisting In field and laboratory work, are greatly appreciated. 

3 Reference is made by number (italic) to Literature Cited, p. 663. 
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■ Hiltiier {6) calls attention , to parasitic nodules on locust and 
differentiates between these and beneficial nodules by their location on 
the roots. The former were distributed all over the root, whereas 
the latter were located at the crown. 

Helz, Baldwin, and Fred (5) citing 16 papers on this subject, 
reported a wide variation in the effects produced by strains of nodule 
bacteria of the vetch and pea group. 

Briscoe ^ reported greenhouse work in which poor and good strains 
were used in combination, and the mixture produced as satisfactory 
results as the good strain alone. A means of correcting the unadapta- 
bility of strains is reported by Wiinchik (14)} who has indicated that 
by plant passage an unadapted strain may become better adapted to 
a strange host, and Allen and Baldwin (1) have confirmed this finding. 
That the organisms in nodules on the same plant may consist of both 
good and poor strains has been shown by Dunham and Baldwin (5). 

EXPERIMENTAL MATERIALS AND OUTLINE OF WORK 

In 1929 observations were made at Jeanerette, Iberia Parish, La., 
on a field of Austrian winter peas (Pisum arvense L.) which had. been 
planted without artificial inoculation on the low-lying black neutral 
alluvial soil of that locality. After a month or so of growth it was 
definitely apparent that the crop would be a failure; the field con- 
tained mainly yellow stunted plants with an occasional vigorous indi- 
vidual, Samples of the plants were collected and sent to the senior 
author at Washington, D. C. The roots of most of the plants exam- 
ined, whether normal or stunted, were apparently healthy, and all 
the plants had nodules on their roots. It was noticed, however, that 
the nodules on the stunted plants were small, globular in shape, and 
rather evenly distributed over the roots, whereas those on the vigorous 
plants tended to be convolute or branched and were largely confined 
to the crown roots. Cultures were isolated from nodules of both 
types of plants and tested on Austrian winter pea. These cultures 
produced nodules on the pea under controlled conditions and, in 
addition, gave lise to effects similar to those noticed on the plants 
from which the}^ came. In other words, the bacteria from the stunted- 
plant nodules produced what might be called parasitic effects, whereas 
those from vigorous plants produced good plants. When these pre- 
liminary tests were completed cultures of the proper nodule bacteria 
were prepared on agar in test tubes and sent to Jeanerette, La. 
(Table 1.)^ There they were applied to seed by adding water to the 
tube, shaking thoroughly to secure a suspension of the organisms, and 
moistening the seed with the mixture. The seeds were sown promptly 
after treatment at the rate of 1 pound per each 10 by 60 foot plot. 
To prevent transfer of the cultures, vessels and hands were thoroughly 
rinsed in running tap water between each treatment. No disinfect- 
ants were used. Before the seeds were sown basic slag at the rate 
of 600 pounds per acre and ground oyster shells at the rate of 3,600 
pounds per acre were applied each to one-third of the plots in Austrian 
winter pea; the remaining third were left untreated. Figure 1 shows 
the arrangement of the plots. 

Briscoe, C. F. inoculation of soybeans. Miss, Agr. Expt. Sta. Press Cire. 419, 3 p. 1982. 
[Mimeographed.] 



Apr. 1, 1933 


Nodule Bacteria on Austrian Winter Pea 


651 


Table 1. houvcG of the nodule hoctevio. cultures used 'in the experimetlis 


Stock No. 

Diagram 
No. 
(fig. 1) 

Host plant from which 
bacteria were isolated 

Source of cultures 

473'‘„.. 


Alaska, garden pea 

IT W University of Wisconsin; his No. P3. 1927. 

484“. 

7 

do 

1. L. Baldwin, University of Wisconsin; his No. 15 or 310 

1 927, 

Jeanerette, La, 1929. 

510 

3 

Austrian winter i)ea,„. 

511 . . 

6 

do- 

Do. 

512 

4 

....do 

Do. 

5i:^ft 

2 

do... 

Do. 

515'^ - -- 

8 

do...... 

Do. 

5l8'y... ' 

'n! 

..do - 

Hosslyri, Va. 19:10. 

548 ... - - J 

Louisiana vetch 

Jeanerette, La. 1931, 

Do. 

549 -- 


..do 

549 1 


-do. 

1 i>0. 

550 


<io 

Do. 


« The complete history of this culture is not availabic, hut judging from the response obtained with 
Austrian winter peas, it is believed to be a low nitrogen-fixing strain. 

This culture was isolated from plants that showed no benefit from the presence of nodule organisms 
This culture was isolated from a slightly pink nodule apparentely produced by a nonbeneficial culture 
on plants showing symptoms of being adversely affected by nodule bacteria. From subsequent results it 
is presumed that this culture either ejanged its character rapidly, by means of one plant passage, or that 
through some unknown means an elllcient organism was harbored in the nodule from which it came 
Designation used for unt reated areas. 



NORTH 


G.P. 

5 

6 

0 

8 

7 

0 

F. P. 

2 

0 

3 

4 

0 

I 

A.P. 

0 

7 

8 

0 

5 

6 

H.V. 

4 

3 

0 

1 

2 

0 

G.P. 

8 

0 

5 

6 

0 

7 

F. P. 

0 

I 

2 

0 

3 ! 

4 


A.P, 

6 

6 

0 

8 

7 

0 

H.V. 

2 

0 

3 

4 

0 

1 

G.P. 

0 

7 

8 

0 

5 

6 

F.P. 

4 

3 

0 

1 

2 

0 

A,P. 

8 

0 

5 i 


0 

7 

H.V. 

0 

L 

-Li 

0 

3 

4 


A 


NORTH 



CHECK 

5 

6 

0 

7 

8 

0 

1- 

B.S. 

5 

6 

0 

7 

8 

0 

z 

< 

-j 

L. 

5 

6 

0 

7 

8 

0 

a. 

o 

z 

CHECK 

2 

0 

4 

3 

0 

1 

o 

o 

1x1 

B.S. 

2 

0 

4 

3 

0 

1 

i/y 

L. 

2 

0 

4 

3 

0 

1 


CHECK 

0 

7 

8 

0 

5 

6 

o 

E 

B.S. 

0 

7 

8 

0 

5 

6 

z 

< 

-j 

L. 

0 

7 

8 

0 

5 

6 

Ol 

H 

</> 

OC 

Gu 

CHECK 

4 

3 

0 

1 

2 

0 

B.S. 

4 

3 

0 

1 

2 

0 


L. 

4 

3 

0 

1 

2 

0 


CHECK 

8 

0 

5 

6 

0 

7 


B.S, 

8 

0 

5 

6 

0 

7 


L.' 

8 

0 

5 

6 

0 

7 


CHECK 

0 

1 

2 

0 

3 

4 


B.S. 

0 

1 

2 

0 

3 

4 


L. 

0 

1 

2 

0 

3 

4 


B 


Figure I.— Arrangement of plots of Austrian winter peas and other legumes at Jeanerette, Fa., 1930: 
A , Detail of plot arrangement of mixed-legume plantings; B, detail of plot arrangement of Austrian winter- 
pea plamings. The letters to the left of the numbers indicate the species of legume planted, or a soil 
nrncridmcnt, as follows; A. P., Austrian winter pea; F. P., Canada field pea; (1. F., garden pea; H. V., 
b. dry velcli; B. B,, basic slug; ly„ ground oyster shaJHima 
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Tlie mixed-legume plots and one of the Austrian winter-pea plots 
(fig. 1, B) were seeded October 22, 1930; the second sowing of Austrian 
mnter peas, a duplicate of the first, was made November 3, 1930. The 
plots seeded to mixed legumes were 10 by 60 feet, and those seeded to 
Austrian winter peas were 10 by 20 feet. Samples of the black silt 
soil taken from seven representative spots in the mixed-legume plant- 
ing gave a pH value of 6,75, indicating a uniform hydrogen-ion con- 
centration. Six composites of individual samples from three different 
spots in the first planting of the Austrian winter peas were more 
variable in reaction, the pH values ranging from 6.57 to 7.88. Obvi- 
ously there was little need for a neutralizing agent in this soil. 

FIELD OBSERVATIONS 

GROWTH AND NODULATION 

On January 31, 1931, plants grown from seed treated with cultures 
510, 511, and 518 were observed to be greener than those in other 
plots of the first planting of Austrian winter peas, in some of which 
the plants were turning yellow and a few were dying. On the plots 
containing mostly poorly colored plants, an occasional rather vigorous 
plant was noticed. All plants, even those in the worst condition, had 
nodules on their roots. As in earlier studies {9) it was found that on 
the better plants the nodules tended to branch or become convolute, 
whereas on most of the poor plants the nodules were smaller and 
globular in shape, the former type being placed rather generally 
around the crowm, and the latter scattered more or less evenly over 
the roots. 

On February 17, 1931, a second examination of representative plants 
was made. This revealed much the same condition as the first. 
(Table 2.) At tiiis time there was no evidence that either the basic 
slag or the lime had influenced the growth of the plants or the forma- 
tion of nodules. 

Table 2. — Growth and nodulaiion of Austrian winter peas and other legumes at 
Jeanerette, La., February 17, 1931 


Name of plant 


Canada field pea 

Alaska garden pea 

Hairy vetch 

Austrian winter pea (2) 
Austrian winter pea_ 

Do........ 

Do-.-,,,-..- 

Austrian winter pea (2) 
Austrian w^inter pea (3) 
Austrian winter pea (6) 
Austrian winter pea (2), 
Austrian winter pea (31 


Inocula- 
tion treat-i 

Growih 

ment 


510 

Excellent 

None 

Fair - 

None 

Poor 

512 

Excellent 

484 

Poor 

484 

Fair 

518 

Poor 

618 

Excellent 

511 

do 

None 

Poor 

510 

Excellent- 

513 

Poor - 



Nodulation 


Normal. ^ 
Scattered. 
Plentiful, 
Normal. 
Scarce. 
Do. 
Do. 
Normal. 

Do, 

Scarce. 

Normal. 

Scarce. 


« Numbers in parentheses indicate the number of samples examined. 

Normal means tendency to branch and locate near the crowm, all other notations in this column refer 
to scattered globular nodules. 


Plants of Austrian winter pea from seed inoculated with culture 
510 accidentally mixed with the seed of hairy vetch were very good, 
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and plants from the latter were much better than other vetch plants 
from untreated seed, most of which did not exceed 4 inches in height. 
All vetch plants had nodiiles,^ Whether the beneficial effect of"^the 
association of vetch with Austrian winter pea was due to a transference 
of adapted organisms or to the utilization of by-products is not known, 
but it is an interesting lead to consider. The seed of Canada field 
peas and Alaska garden peas did not germinate satisfactorily, and 
the crop that was made was not satisfactory. 

A better picture of the differences between excellent and poor 
growth and between the two types of nodulation is shown in Figure. 2. 
Although some of the roots were broken off in removing the gummy 
soil and many nodules are believed to have been lost in the washing 
process, Figure 2 adequately illustrates the extreme variation in root 
system and type of nodulation resulting from treatments with bene- 
ficial and nonbeneficial cultures. No differences were observed 
between the untreated plants and roots and those treated with non- 
beneficial cultures. 

The Austrian-winter-pea plants from the ridged beds were better 
than those from the flat bed, but not nearly so good as plants from 
the areas inoculated, with good cultures. 'Possibly the ridging lim- 
ited the water supply and thereby interfered with the activities of 
the native nonbeneficial nodule bacteria. 

During the course of the experiment, more especially in the later 
stages, some of the poor plants which survived the earlier effects of 
treatment took on renewed life. This is presumed to have been due 
to the spreading of good nodule bacteria by means of dust, imple- 
ments, insects, man, or beast. It is reasonable to expect, and 
experience ofl‘ers a slight basis for believing, that infections may 
occur with bacteria of good, bad, and intermediate efficiency, so it 
is quite possible that where there is an apparent turn for the better, 
the more efficient organisms may have obtained the upper hand or 
the progeny of the nonbeneficial organisms may have become better 
adapted to the plant while within the nodule. 

CROP YIELDS 

By harvest time a great many of the vigorous growing Austrian- 
winter-pea plants had lost a rather large proportion of their lower 
leaves by shedding or decay. Plant lice may have contributed to 
the losses, since they were plentiful on the plants of the early sowing. 
The pea vines, which had grown over the dividing furrows, were 
thrown back on their respective plots before harvesting. The vines 
were cut with a scythe during rather dry weather and weighed 
promptly after cutting. 

The larger weeds were separated from the cut material, but it 
was not practical to remove all the little weeds and grass that had 
grown up in the plots where pea plants had died. It is to be expected 
that the weight of the grass and weeds will partly compensate for 
the dead pea plants and may therefore give a false picture in the 
tabulation of yield data. Where the growth of the winter peas was 
good and the vines thoroughly covered the ground, weeds and grass 
were largely suppressed. 
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Figure 2. Representative Austrian winter-pea plants from plote treated with a beneficial nodule culture (right), and with a nonbeneficial nodule culture (left) 
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Table 3. — Yields of Austrian winter peas from plots inoculated with a beneficial 
culture and from untreated plots 


[Planted October 22, 1930, harvested April 24, 1931] 


Inoculation treat- 
ment 

Yield of hay from 
10 by 20 foot plot 

Moisture 
in green 
pea vines 

Inoculation treat- 
ment 

Yield of hay from 
10 by 20 foot plot ; 

1 

Moisture 
; in green 
pea vines 

Green 

Moisture 

free 

Green 

Moisture 

free 

Kn 

Pounds 

81 

21 

86 

Pounds 
13.98 
4. 35 
26. 55 

Per cent 
. 82.74 
79.28 
69. 13 

None 

Pounds 1 
6 

79 

16 

Pounds 

1. 05 
19. 97 
3.35 

Per cent 
82. 56 
74. 72 
79. 04 

None - - - 

511 

511 

None.— 




Table 3 shows the yields from nninoculated Austrian winter peas 
compared with those from peas inoculated with a beneficial culture. 
The data indicate an increase of 485 per cent in the yield from the 
inoculated plots as compared with that from the nninoculated. If 
such improvement can be made fairly consistently in these soils, it 
is apparent that the addition of the proper organisms will mean the 
difference between success and failure. 

A comparison of the efl'ects of basic slag aiid lime on Austrian 
winter peas receiving difrerent cultures is given in Table 4. The 
data shown in Table 4 indicate no decided superiority in crop yield 
as a result of the application of basic slag or lime. 

Table 4. — Plot yields in pomids {green weight) of Austrian winter-pea hay per 10 
by 20 foot plots j as affected by inoculationy basic slag^ or lime 


[Planted October 22, 1930; harvested, except as otherwise rioted, May 11, 1931] 


Inoculation treatment 

Yield with- 

- 

Total 

yield 

Lime 

Basic 

slag 

No addi- 
! tion 

512_ 1 

80 

92 

75 

247 

510- 

73 

86 

71 

230 

None----.... 

61 

61 

60 

172 

513,.-- 

44 

65 

66 

i 165 

473 - - ; - 

43 

54 

45 

142 

None-- - 

29 j 

33 

63 

115 

Total - 

330 

381 

360 


484....-, - 

31 

45 

60 

136 

None-— 

35 

38 

44 

117 

5lL-„...._-„-- - - 

62 

72 

57 

191 

518-„-„ - 

55 

76 

63 

194 

None.. — 

42 

45 

■ 47 

134 

515. - 

46 

59 

55 

160 

Total-,. ----- 

271 

336 

326 


None - 

62 

69 

51 

172 

5l3_._--_----,„. - 

47 

52 

41 

140 

473--—-—--- - 

50 

45 

36 

131 

None. 

66 

52 

..'44 

152 

51.0.— 

47 

:''59'' 

48^ 

154 

512-------- - — . — — - 

53 

62 

58 

173 

Total-. - — ■ 

315 

329 

278 
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Table 4. — Plot yields in pounds (green weight) of AusiricMi winter-pea hay per 10 
by 20 foot plots, as affected by inoculation, basic slag, or lime — Continued 



Yield witln 

- 

Total 

yield 

I n ocula t ion treat m en t 

Lime 

Basic 
! Slag 

No addi- 
tion 

.511. „ . 

56 

59 

i 63 

178 

518 . - - - 

64 

51 

51 

166 

N one 

50 

50 

36 

136 

515... . . 

47 

43 

30 

1 120 

484 

28 

29 

16 

73 

None 

43 

45 

27 

115 

Total .. 

288 

277 

223 


47.3 

47 

48 

44 

139 

None . 

44 

45 

43 

132 

510 

60 

55 

43 

148 


51 

55 

49 

155 



None - 1 

19 

18 

20 

57 

513 

31 

31 

30 

' 92 

Total . - - 

242 

252 

229 

63 


None 

62 

69 

184 

515 

42 

44 

46 

132 

484 

37 

45 

42 

124 

None - - - 

16 

6 

21 

43 

511 « - 

70 

86 

81 

24(5 

518 « 

42 

47 

37 

126 

TotaU - - 

278 

287 

290 


Grand total . . 

1, 724 

1,861 

1, 706 



I 



« Harvested Apr. 24, 1931. 


Table 5 shows the relative value of the different inoculation cultures. 


Table 5. — Summary of the hay-^crop yields of Austrian pointer peas from planting 
made October 22, 1980, and harvested May 11, 1981 


Inoculation treatment 

Plots ' 

Average 
yield of 
dry hay 

Inoculation treatment 

Plots 

Average 
yield of 
dry hay 

None 

Number 

36 

9 

9 

9 

9 

Pounds 

42.4 

45.8 

44.1 

59.1 

63.9 

518 1 

Number 

9 

(» 

9 

9 

Poumis 

54. 0 
61.5 

37. 0 
47. 3 

473 ..J 

511 

513 ! 

484 

510 

515 

.512. . 1 


1 


Even with the larger proportion of weeds and grass in tlie area,s 
inoculated with nonbeneficial bacteria, there is apparently an appre- 
ciable increment in crop yield due to cultures 510, 512, 51*8, and 511, 
whereas cultures 473, 513, 484, and 515 are not greatly superior to no 
treatment. 

The second planting of Austrian winter peas was substantially tlie 
same in layout as the first, yet the results were not the same. * The 
whole crop, regardless of treatment, gave no significant differences 
attributable to basic slag, lime, or inoculation. (Table 6.) The total 
yield of dry hay from the 36 plots was as follows: 1,624 pounds from 
lime, 1,680 pounds from basic slag, and 1,616 pounds from no treat- 
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ment. Tlie lack of variation in yields from the second planting may 
have been due to a scattering of good types of nodule organisms by an 
inundation. 


Tabi^e 6 . — Average yields of d,ry hay from., plots of the second planting of Austrum 
ivinter peas^ soiim November 3, 1930^ and harvested May 22, 1931 


Inoculation treat;- 
nient 

Plots 

Yield of dry hay 

Inoculation treat- 
ment 

Plots 

Yield of dry hay 

dAital 

Average 
per plot 

Total 

Average 
per plot 

None 

Number 

36 

9 

9 

9 

9 

9 

Pounds 

1, ()80 
367 
387 
396 
382 
453 

Pounds 

46.7 

40.8 

43.0 

44.0 
42.4 
50. 3 

5ir-_. 

Number 

9 

9 

9 

Pounds 

444 

400 

411 

Pounds 
49.3 
44. 4: 
45.7 

473 

484 

513 

515 

510 

Total or mean,. 

108 

4, 920 

45. 5 

512.- - 

51S 



NITROGEN IN AUSTRIAN WINTER PEA AS AFFECTED BY INOCULATION 

Samples of pure winter-pea hay from a few plots were harvested 
February 16, 1931, dried thoroughly, and ground for analysis. The 
results are given in Table 7. ^ 

Comment on these results is almost unnecessary since they jire of 
tlie same general nature as the other evidence given of the effect of 
nodule organisms on Austrian winter peas. 


Table 7. — Nitrogen analyses of field-grown Austrian winter-pea hay harvested at 
Jeaneretie, La., February 16, 1931 

[Planted October 22, 1930] 


I noculation treatment 

10 plants 
(dry 
weight) 

Nitrogen, 

Total 

nitrogen 

N one . . 

Orams 

5. 3 
37. 25 
13. 46 
40. 77 

Per cent 

0. 94 
3.40 
.86 
3. 08 

Grams 
0.06 
1. 27 
.12 
1. 25 

511.. ... . . 

513 ..... ... ........ 

518.. . . . 


GREENHOUSE EXPERIMENTS 

In a series of greenliouse experiments .at Rosslyn, Va., Austrian 
winter peas were grown in sterilized sand moistened with Bryan- 
Crone/s nutrient solution (;?). Before the seed was sown it was 
sterilized with 1:500 mercuric chloride, washed thoroiighly with 
sterile tap water, and inoculated with bacteria from test-tube cultures, 
the usual precautions being taken to prevent the transfer of nodule 
bacteria from one series to another. Each treatnient was replicated 
10 times and each replication usually consisted of about five plants. 
The data are shown in Table 8, 
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Table 8. — Nitrogen fixation in greenhouse 'plantings of Austrian winter peas 


iDoculation treatment 

Duration of 
experiment 

Nodules 

per 

plant 

Dry 

weight 

(50 

plants) 

1 

Nitrogen 

Total 

nitrogen 



Average 

number 

Charjis 
13. 00 

Per cent 
2. 60 

Gram 
\ 0. 339 

47S - 



12. 50 

3. 33 

1 .416 

484 , 

Oct. 28,1929 
to 

/Dee. 12,1929 
(45 days) 


12. 50 

2. 38 

. 300 

510 - - 


15. 50 

3.04 

1 . 471 

511 


23. 00 

2. 94 

. 675 

512 _ 


21.50 

3. 08 

. 664 

513 - — - 


21.60 

2.15 

. 461 

515 



23.00 

2. 40 

. 550 

518 - 



20. 50 

3. 09 

. 632 

None - - ' 

Feb. 14,1931 
to 

'Apr. 8, 1931 
(53 days) 

3 

15. 60 

1. 30 

.203 

510 - 

15 

18. 60 

2. 86 

1 . 532 

511 

16 

20. 75 

2. 74 

. 568 

513 - - 

96 

15. 90 

1.22 

.194 

518... . 

13 

26. 85 

2. 36 

. 635 

None :L_. . 


1 

12. 80 

1.72 

.220 

512 


15 

13. 80 

2.70 

.372 

513 - 

Apr. 4, 1931 
to 

135 

13. 20 

2. 04 

, 269 

.^48 - 

90 

11. 40 

1.6B 

. 189 

549 

/Ma 25, 1931 
(.H days) 

99 

12. 20 

1.68 

.205 

550 

V^2 

11. 60 

1. 66 

. 192 

5124-513-,- 

29 

11. 70 

1. 94 

.227 

5134NaNO;5 


1 44 

14. 90 

2. 12 

.316 




In the first experiment, culture 510 apparently gave poor results, 
so far as dry weight and total nitrogen are concerned, yet the percent- 
age of nitrogen rather closely parallels that of the other beneficial 
cultures. Considering matters on the basis of total nitrogen appar- 
ently fixed by nodule organisms, it will be noted that the plants from 
only one culture (484) contained less nitrogen than the control. Ap- 
parently the so-called nonbeneficial cultures were slightly beneficial 
when the quantity of nitrogen fixed is considered. However, in the 
second experiment the nitrogen fixed by the nonbeneficial culture 
(513) was actually less than that of the control and much less than 
that of any of the three beneficial cultures employed, and in the last 
experiment this nonbeneficial culture was slightly better than the 
control. When the two types of organisms (512 and 513) were used 
together the total nitrogen fixed was not greater than that fixed by 
the nonbeneficial organism alone. However, the addition of O.l per cent 
sodium nitrate to; the solution originally used to moisten the sand 
(subsequent waterings being made without nitrogen additions) helped 
the plants inoculated with a nonbeneficial organism considerably* 

SOURCE OF THE NONBENEFICIAL ORGANISMS 

The fact is evident that nodule bacteria beneficial and detrimental 
to Austrian winter peas exist in some of the soils around Jeanerette, 
La., the nonbeneficial ones evidently predominating. In seeking an 
explanation for the presence of these organisms it was found that 
plants of Louisiana vetch {Vida ludoviciana Nutt.) grew plentifully 
and luxuriantly around the fields and in waste places. The roots of 
these wuld plants are well populated with nodules. It is therefore 
reasonable to believe that the organisms causing these nodules are 
abundantly present in the soil. It is customary to consider that the 
organisms of the common vetch will cross-ihociilate with garden 
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peas, field peas, Austrian winter peas, and other legumes, although 
data concerning the group relations of Louisiana vetch have not been 
worked out. However, acting on the supposition that the bacteria 
of this legume are related to those of the Austrian winter pea but not 
satisfactorily adapted to the latter, the writers made isolations from 
nodules for comparison with the nonbeneficial bacteria obtained from 
Austrian winter peas. 

After the cultures from Louisiana vetch were purified they were 
applied to Austrian winter pea and Louisiana vetch seed in the 
greenhouse under controlled conditions, as indicated in Table 8. These 
cultures produced nodules on their specific hosts. The results with. 
Austrian winter peas indicate that these Louisiana vetch nodule 
organisms produce the same effect as those of the nonbeneficial type 
whose effects have been previously noted in this paper. From April 4 
to May 25, 1931, the Austrian winter-pea plants grown from seed 
treated with three cultures of nodule organisms of Louisiana vetch 
had much the same appearance as those from seed treated with a 
nonbeneficial culture isolated from Austrian winter pea nodules. 
(Fig. 3.) As compared with the control, Louisiana vetch organisms 
(548, 549, and 550) contributed no nitrogen to the Austrian winter 
peas; in fact they caused a slight loss. (Table 8.) 

Nodules produced by Louisiana vetch cultures were plentiful, 
scattered, and globular. Nodules of this type are shown in Figures 
4 and 5 in comparison with nodules produced by beneficial and non- 
beneficial cultures from Austrian winter peas. Characteristic nodule 
assemblies are more distinct in greenhouse samples than in field 
samples. (Fig. 2.) Table 8 shows that the average number of 
nodules per plant is considerably higher when poor cultures of Aus- 
trian winter peas and Louisiana vetch were used than when beneficial 
organisms were used. The close similarity of response of Austrian 
winter peas to nodule organisms from Louisiana vetch and from 
apparently parasitized Austrian winter peas is indicative of the origin 
of the imadapted strains present in the soils studied. 

SUMMARY 

Cultures of nodule bacteria from poor and vigorous Austrian 
winter-pea (Pisurn arvense) plants from Jeanerette, La., have been 
compared with nodule bacteria from closely related legumes in field 
and greenhouse tests. 

Drainage obtained by ridging the soil had but little effect, and lime 
and basic slag had practically no effect on the crop produced. 

A favorable well-defined effect in quantity and quality of crop was 
evident in Austrian winter peas treated with efficient nodule bacteria 
in soil known to contain inefficient nodule-producing organisins. 

Evidence has been presented which shows that the nodule organ- 
isms of the Louisiana vetch (yim ludoviciam) reduce the yield of 
Austrian winter pea on account of their unadaptability to this host. 

, 172087—33—6 
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rganisins as follows: A, None; B, nonbeneficiai 
ouisiana vetch cultures 549 and 550 
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PiGtFBE 4.— Benefleial culture 512 and nonbeneflcial culture 613 on Austrian winter peas grown in greenhouse 
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Figure 5, —‘NonbeneQcial types of nodiHation produced by two different isolations from nodules of Jlcia ludovkiana on Austrian winter pea in the greenhouse 
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CHEMICAL COMPOSITION OF NATIVE ALASKAN HAYS 
HARVESTED AT DIFFERENT PERIODS OF GROWTH' 


By B-uth G. Capen, Junior ChemistyQA\6. J. A, LeClekc, Senior Chemist, Food 
Research Division, Chemical and Technological Research, Bureau of Chemistry 
and Soils, IJniied States Department of Agriculture 

INTRODUCTION 

Alaska is handicapped agriculturally chiefly because of its very 
short growing season. However, some common vegetables, small 
fruits, cereals, and root crops are now being grown in many parts of 
iVlaska, and certain native forage plants seem to thrive there. Most 
of these forage plants have a potential economic value. It was 
therefore deemed desirable to study the chemical composition of some 
of them cut at different stages of growth and to compare them with 
other forage plants cultivated in Alaska. 

PREVIOUS INVESTIGATIONS 

In 1904 the Bureau of Chemistry (. 4 , p. 276 ) ^ made analyses for the 
Alaska station of three native grasses which were cut when in flower. 
The results are given in Table 1. Extensive investigations of this general 
nature have been conducted at certain State experiment stations. 
Knight, Hepner, and Nelson (7), of the Wyoming Agricultural Experi- 
ment Station, studied the chemical composition of forage plants grown 
at different altitudes (where the growing season is short) and harvested 
at the same stage of growth. Hepner (5) , also of the Wyoming station, 
investigated the relation of the nitrogen content of soils to the nitrogen 
content of grasses grown at high altitudes. Cundy (S) and Robert (S) 
continued these investigations on forage plants. The former studied 
the variation in the chemical composition of samples collected at 
different periods during the haying season, and the latter studied the 
effect of altitude, seasonal variation, and shade on their chemical 
composition. Hopper and Nesbitt (d), of the North Dakota Agri- 
cultural Experiment Station, likewise analyzed native prairie grasses 
at several stages of growth. 


Table 1. — Composition (percent) of Alaskan forage plants^ 


Plant 

Moisture 

Ash 

Ether 

extract 

Crude 
j fiber 

Proteids 

Nitrogen- 

free 

extract 

Bluetop (Cdlainagrostis [(ingsdorfii) 

7, 18 

3. 90 

1.03 

42. 94 

4.58 

40. 37 

Sedge ( Carcx cryptocarpa) 

5. 85 

10.65 

2.12 

25. 72 

10. 32 

45. 34 

Beacfh rye (Elymus molds). 

11.92 

7.51 

2,26 

30. 31 

12.71 

36. 29 







« Georgeson, C. C. ( 4 , p. 276). 

’ Received for publication Aug. 31, 1932; issued May 1933. 

2 Reference is made by number (italic) to Literature Cited, p. 668. 
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PRESENT INVESTIGATION 

Sixteen samples each of native sedge (Oarex sp.), redtop {Gala- 
magrostis sp.), and cotton grass {Eriophorum sp.) were recently 
submitted to this bureau by the Office of Experiinent Stations for 
analysis, together with one sample each of native vetch {Vida 
cracca), yellow-flowered alfalfa {Medicago falcata), and bromegrass 
{Brornnsf uermis) to be used for comparison. These were all forage 
plants grown at the Alaska Agricultural Experiment Station at 
Fairbanks. The nomenclature has not been checked. The sedge, 
redtop, and cotton grass were sampled or harvested at intervals of 
one week from July 22 to November 4, 1929, and the vetch, alfalfa, 
and bromegrass were harvested on July 19, 1929. 

The report of the Alaska Agricultural Experiment Stations (1 ) shows 
that during April, May, and June the weather was comparatively 
dry and cool, and plants grew slowly. During the second week of 
July there was a heavy rainfall, and growth was vigorous during the 
remainder of the month. August and the first part of September 
were cool, cloudy, and wet, causing crops to mature slowly, and 
harvesting in general was delayed until the last week in September. 

The plants were air-dried when received. They were ground and 
analyzed for moisture, ash, nitrogen, fat, fiber, and sugars. The 
analytical methods used were those Outlined by the Association of 
Official Agricultural Chemists {2j p. 277). The time of harvesting 
and the results of the analyses are shown in Table 2. 

The protein content of the native forage plants was highest in the 
third cutting, that of August 5, and in the main decreased as the 
season advanced. 

The fiber content gradually increased in all cases as the stage of 
growth advanced. This is especially true of redtop. 

The percentage of ash in sedge was fairly constant, increasing 
slightly until the last three cuttings, or the middle of October, after 
which it dropped appreciably. The ash content of redtop remained 
fairly high throughout the entire period of growth; in fact, it was 
greater in the last cuttings than in the early ones. The aish of cotton 
grass was low and decreased as the season advanced, being similar in 
this respect to the ash of sedge. 

The percentage of fat (ether extract) remained fairly constant in 
all samples harvested at different periods. In the sedge, the three 
latest cuttings had a slightly higher fat content than the early 
cuttings, whereas in redtop the four earliest were higher in fat than 
the subsequent cuttings; cotton grass was more or less variable 
throughout. 

The percentage of sugars was uniformly higher in the early cuttings. 
The late cuttings contained from 50 to 20 per cent of the mnoimt of 
sugar found in the early cuttings. 

The results show thar at the same period of harvesting, the native 
sedge, redtop, and cotton grass compare favorably with vetch and 
bromegrass in protein content, but are considerably lower in this 
constituent than is the yellow-flowered alfalfa. 

The fiber content of cotton grass and redtop agrees fairly well with 
that of alfalfa and bromegrass. The fiber of sedge is the lowest of 
all, and that of vetch is the highest. 
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Table 2. — Composition {percent) of samples of Alaskan forage plants cut at 

various stages of growth 


NATIVE SEDGE (CAREX SP.) 


Date cut (1929) 

Moisture 

Ash 

Nitrogen 

Protein 

Fat . 

Crude 

fiber 

Total 

sugar 

July 22__ 

5.26 

4.36 

1.76 

11. 00 

1.79 

28. 95 

3.82 

July 29 

5. 41 

4.72 

1.31 

8. 19 

1.74 

32. 71 

5. 42 

Aug. 5 

I 5.38 

4. 66 

1.96 

12. 25 

1. 51 

30. 70 

2.17 

Aug. 12 

4.98 

4. 34 

1.74 

10.88 

2. 17 

30. 00 

3.40 

Aug. 19 

4.98 

4.38 

1.57 

9. 81 

1.88 

29.32 

5. 25 

Aug. 26 

4.85 

4.78 

1.32 

8. 25 

2. 02 

25. 55 

5.70 

Sept .2 

5.08 

4.49 

1.25 

7. 81 

2.56 

34. 59 

2. 20 

Sept. 9 

4. 96 

5.32 

1 1.39 

8.69 

1.45 

34. 30 

1.90 

Sept. 16 

4. 85 

4.75 

1.28 

8.00 

1.48 

32. 86 

3. 21 

Sept. 23. 

5.62 

4.58 

.94 

5. 87 

1. 53 

32. 66 


Sept. 30 

5. 18 

4.66 

.91 

5. 69 

1.34 

34.12 

.59 

Oct. 7... 

5. 54 

5.58 

1 1.01 

5.31 

1. 56 

35 87 


Oct. 14-_. - 

5.38 

5.20 

i .93 

5. 78 

1.80 

34. 19 

.86 

Oct. 21 ... 

5.24 

3. 36 

1 .59 

3. 68 

2. 18 

35. 87 

.85 

Oct. 28..... 

4.78 

3.22 

1 .62 

3. 89 

2. 13 

36. 89 

.57 

Nov. 4 

4.84 

2.91 

1 .59 

3. 69 

2.00 

35. 66 

.52 


REDTOP (CALAMAGROSTIS SP.) 


July 22 

5.33 

4.47 

1.42 

8.88 

1. 78 

32. 85 

3. 17 

July 29 - 

i 5.13 

4. 41 

1. 71 

10. 69 

1.74 

31. 51 

4. 87 

Aug. 5 - 

4. 94 

6.01 

1.84 

11.50 

1.74 

32. 37 

3. 26 

Aug. 12. - 

1 4.86 

7.24 

.78 

4.88 

1.85 

33. 13 

3.60 

Aug. 19 

5.04 

5.09 

1.00 

6. 25 

1.33 

36. 51 

4. 80 

Aug. 26 

4.95 

6.98 

. 74 

4.63 

1.67 

34. 73 

3.29 

Sept. 2 - 

! 4.77 

6.60 

.56 

3.50 

1.69 

35. 51 

4.04 

Sept. 9 

4.81 

6.53 

.81 

5. 06 

1.72 

36. 98 

3.50 

Sept. 16 

5.05 

5.40 

.56 

3.50 

1.66 

39.22 

2. 74 

Sept. 23 

5.37 

7.35 

.81 

5. 06 

1.59 

34. 85 

2. 36 

Sept. 30 

5.07 

4.20 

.74 

4. 63 

1.42 

38. 21 

.25 

Oct. 7 

4.58 

4.41 

. 75 

4.69 

1.52 

40.90 

,45 

Oct. 14 

4.46 

6.51 

.43 

2.63 

1.56 

40. 99 

.70 

Oct. 21 

4.70 

6. 64 

.34 

2. 13 

1. 60 

38.02 

.26 

Oct. 28 

4.80 

6. 34 

.36 

2. 25 

1. 49 

40. 61 

.82 

Nov. 4 

4.81 

6. 77 

.36 

2. 25 

1.69 

41. 57 

.06 


COTTON GRASS (ERIOPHORUM SP.) 


July 22 

5.94 

2. 93 

S 1.54 

1 

9.63 

1.90 

31. 96 

2. 45 

July 29 

5. 52 

2.17 

1.47 

9. 19 

1.59 

31.45 

5:88 

Aug. 5 - - 

5.90 

2.57 

1.64 

10. 19 

1.44 

33, 28 

2.40 

Aug. 12 

5. 62 

! 2.48 

1. 57 

9.81 

1.38 

32. 30 

3. 54 

Aug. 19 

5.77 

2.51 

1.42 

8.88 

1. 50 

29.89 

4.01 

Aug. 26.-- - 

5.98 

2. 50 

1.40 

8. 75 

1. 86 

27. 77 

5.73 

Sept. 2-- 

6.00 

2.11 

1.06 

6. 62 

2. 01 

32. 85 

3. 95 

Sept. 9 - 

5. 44 

1. 80 

.90 

5. 63 

2. 01 

34. 85 

3. 01 

Sept. 16 

5. 55 

2,03 

.87 

5. 44 

1.89 

32.24 

3. 42 

Sept. 23, 

5.48 

1.72 

.74 

4. 63 

1. 92 

33. 38 

1.71 

Sept. 30 

5.64 

1. 63 

.78 

4.88 

1. 91 

35. 30 

2.28 

Oct. 7 

5.55 

1.90 

.92 

5.75 

1. 92 

33. 45 

2. 72 

Oct. 14. ^ 

5.80 

1.68 

.52- 

3.25 

1. 68 

33. 07 

1. 78 

Oct. 21_-- - 

5.85 

1.97 

,64 

4.00 

1,77 

33. 44 

1.47 

Oct. 28 

5. 86 

1. 91 

.67 

4. 19 

1. 76 

33.88 

1.75 

Nov. 4- 

5.69 

1.79 

.64 

4.00 

1. 54 

34. m 

1. 20 


VETCH (VICIA GRACCA) 


.July 19 

6.60 

6.65 

1.71 

10.69 

1. 40 

35. 54 

1.32 

YELLOW-FLOWERED ALFALFA (MEDICAGO FALCATA) 

July 19.. 

6.72 

7. 22 

2.48 

16.50 

1. 34 

32.96 

2.26 

BROMEGEAS8 (BROMUS INERMIS) 

July 22...................: 

1 

5. 51 

7,29 

■ . 

1. 22 

7.63 

1.38 

32. 71 

5.76 
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Vetcli, bromegrass, and alfalfa are all considerably higher in asli 
and appreciably lower in fat than are cotton grass, sedge, and redtop. 
Sugar content is highest in broinegrass and lowest in vetch; the sugar 
content of alfalfa is about the same as that of cotton grass, but 
considerably lower than that of sedge and redtop. 

SUMMARY AND CONCLUSIONS 

Fifty-one samples of forage plants grown in Alaska in 1929 were 
analyzed for moisture, ash, crude protein, fat, fiber, and sugar. 

The percentage of protein decreased as the season advanced. 
Redtop especially showed a markedly low protein content after the 
early stages of growth. 

The percentage of fiber increased in all cases as the season advanced. 
The ash content of sedge and redtop was higher than tliat of 
cotton grass at every stage of growth. The ash content of redtop was 
higher in the late cuttings than in the earliest ones. The reverse was 
true in the case of cotton grass and sedge. 

The fat content of sedge and cotton grass was slightly higher than 
that of redtop. 

The native plants examined were richer in sugar (at the same stage 
of growth) than the introduced plants, with the exception of brome- 
grass. 

The native forage plants of Alaska on the whole compare favorably 
with vetch and broinegrass but not with yellow-flowered alfalfa. 

According to these analyses the feeding values of the native hays 
decrease rapidly after August, as is shown by the decrease in protein 
and the increase in fiber. Therefore it would seem advisable to 
harvest these varieties late in August or early in September. 
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A CHEMICAL STUDY OF ENSILING SOYBEANS' 


By W. M. Neal, Associate in Ariiinal Nutrition, and R. B. Beckek, Specialist 
in Dairy Husbandry, Florida Agricultural Experiment Station 

INTRODUCTION 

111 the course of an investigation of the feeding value of soyhean 
silage, observations were made upon the normal changes that occur 
in soybeans during the ensiling process. These observations were 
made in an effort to determine the efficiency of the silo in preserving 
the feed nutrients of a legume roughage. Such information is of 
particular importance in regions where seasonal rainfall ordinarily 
prevents the satisfactory curing of hay. 

WORK OP OTHER INVESTIGATORS 

^ Soybeans {Soja max) have been investigated extensively as a com- 
bination silage crop planted in conjunction with corn, cane, and other 
erect-growing forage crops, but only rarely have they been ensiled 
alone. Hills {4) ^ ensiled 564 pounds of green soybeans between 
layers of corn, and found that they produced a pleasant aromatic 
silage palatable to cattle. Eckles {S) mentioned losses as arising 
from surface exposure, mold, and the normal fermentation processes 
in the silo. These investigators, as well as Woll and Humphrey (.9), 
reported comparative analyses of fresh soybeans and the silage made 
from them. 

PLAN OF THE INVESTIGATION 

In each of three consecutive years (1929, 1930, and 1931) a silo 
10 feet in diameter by 20 feet 10 inches in height was filled with soy- 
beans cut in the early bloom stage, giving about 15 feet of settled 
silage. As the filling progressed large samples were taken, and 1 
kg of each was oven dried for chemical analysis. Ten kilograms 
were placed in a muslin bag and returned to the silo. Five such 
bags were deposited at various depths in the center of the silo each 
year. Each bag was covered with a layer of silage over which a 
dampened piece of burlap was placed to aid in locating it when the 
silage was being removed. 

When removed, the contents of each bag were weighed, and 1 kg 
was oven dried for chemical analysis. By a computation of the 
quantity of each constituent determined, both in fresh soybeans and 
in the corresponding sample bag, changes in composition incident to 
the ensiling process were determined. In making the determinations 
surface spoilage was not considered, its importance being related to 
the height of the silo. 

Proximate analyses were made by the methods of the Association 
of Official Agricultural Chemists (I); and calcium, magnesium, and 
phosphorus by the method of Morris, Nelson, and Palmer (5). 


1 Received for publication Oct. 18, 1932; issued May, 1933. 

2 Reference is made by number (italic) to Literature Cited, p. 673. 
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PRESENTATION AND DISCUSSION OF RESULTS 

Fifteen parallel samples of fresh soybeans and of soybean silage 
were analyzed. The averages of these analyses are presented in 
Table 1. The analyses of other workers, computed to tlie dry-ma tter 
basis, are given for comparison. In general, these latter indicate a 
decrease in the nitrogen-free extract, slight change in the protein 
content, a relative increase in crude fiber and ash, and apparently 
an increase in ether-soluble compounds arising from the end products 
of the fermentation processes in the silo. 


Table 1. — Co'mposition {^percentage) of green soybeans and of soybean silage, as 
reported by the Florida, Missouri, Vermont, and Wisconsin Experiment Stations 



Total 

moisture 

Composition on moisture-free basis 

Source and class of feed 

Crude 

protein 

N-free 

extract 

Crude 

fiber 

Ether 

extract 

Ash 

Florida: 







Fresh soybeans 

74. 61 

12. 12 

40. 00 

36. 38 

2.41 

9. 07 

Soybean silage 

76.94 

8. 77 

36. 35 

41. 10 

3. 34 

10. 44 

Missouri (5) : 




1 

Fresh soybeans 

75. 00 

17. 60 

40. 80 

25. 60 

4. 40 

11.60 

Soybean silage ' 

76.00 

18.33 

34. 17 

26.67 

8. 33 

12.50 

Fresh soybeans 

69. 80 

15.89 

37. 09 

28. 48 

6. 62 

I 11. 92 

Soybean silage 

62. 10 

16. 36 

44. 06 1 

26. 39 1 

4.49 

8.71 

Vermont U): 





Fresh soybeans... 

75. 36 

20.29 

41. 56 

22. 53 

3. 46 

12. 16 

Soybean silage 

77. 16 

17.61 

34. 44 

26.09 

2.86 

19.00 

Wisconsin ( 9 ): 




Fresh soybeans 

73.89 

14. 67 

41. 82 

26. 46 

4. 86 

12. 18 

Soybean silage 

73. 92 

15. 68 

33. 70 

30. 44 

8. 05 

12. 12 


<* The Florida values are average analyses of 15 pairs of samples of Biloxi and Otootan soybeans cut in 
the early-bloom and small-pod stages of maturity. All others are of earlier varieties harvested when more 
mature. 


Variations in the ash content of the fresh soybeans and of the silage, 
samples may be attributed to the relative loss of the other nutrients 
in the process of fermentation, migration of soluble ash in the ex- 
pressed plant fluids, variations m the ash present in the plant tissues, 
or soil contamination in the original soybeans at the time they were 
ensiled. Too few samples are reported in the literature to afford 
conclusive evidence of changes occurring in the commercial ensiling 
of soybeans. 

The writers’ results shown in Table 1 indicate less protein and 
ether extract, and more crude fiber, than do similar analyses reported 
by other stations. The lower percentage of protein and higher 
percentage of crude fiber may be attributed to differences in the stage 
of maturity, variety, and loss of a part of the leafy and more succulent 
portions of the plant by insect damage. The smaller percentage of 
ether extract is due largely to the absence of beans. 

The silage had less protein and nitrogen-free extract, and more 
crude fiber and ether extract than did the fresh soybeans. The 
apparent increase in crude fiber is due to its being least affected during 
the fermentation process. Ether-soluble hydrolytic products account 
for the increase in ether extract. The crude protein and nitrogen-free 
extract are the constituents most susceptible to hydrolysis during 
ensiling, volatile gases and water being the principal products. Some 
odor of protein putrefactive products was noticed from the surface 
spoilage, but practically none from the sound silage. 
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The soil on wliioli these soybeans were grown was a Gaines’ville 
sandy loam (of residual phospliatic origin) having an admixture of 
clay. The soybeans contained over 1 per cent of calcium and about 
0.4 per cent of phosphorus. The total ash was lower than that of 
other analyses reported in the literature. Other detailed mineral 
analyses have not been noted. 

As previously stated, definite weights of freshly cut soybeans were 
placed in muslin bags and deposited at different levels in the silo. 
An average interval of 117 days elapsed from the date of ensiling the 
soybeans until the top sample bags were removed. The lower sample 
bags were removed after they had remained in the silo 147, 169, 183, 
and 191 days, respectively. Samples from each of these bags were 
analyzed. As the silo was emptied during the feeding trials, the 
contents of the individual bags were weighed, and samples were 
taken and analyzed. From the w^eights and analyses of the fresh 
soybeans and silage, the gains or losses of the various constituents of 
the soybeans in the bags have been computed. Since the bags were 
made of muslin, all volatile gases could pass off' readily, and materials 
in solution could drain from or into the various bags; hence their 
contents were really a component part of the entire mass of silage. 

Table 2. — Changes in composition during the ensiling process, based on actual 
amounts of dry matter in fresh soybeans and in bags of silage from different levels 
in the silo 

FRESHLY CUT SOYBEANS 



Net 
weight 
of fresh 
mate- 
rial 




Composition on fresh moist basis 




Level in 
the silo « 

Mois- 

ture 

Dry 

matter 

Crude 

protein 

Ether 

extract 

Crude 

fiber 

! 

Nitro- 

gen-free 

extract 

Ash 

Cal- 

cium 

Mag- 

nesium 

Phos- 

phorus 


1 

Kilo- 

grams 

Per cent 

Per cent 

Per cent\ 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Top 

10. 00 

72. 11 

27.89 

3. 15 

0.62 

10.49 

11. 22 

2. 41 

0. 3088 

0. 1017 

0. 1119 

Second 

10. 00 

76. .53 

23. 47 

2. 77 

.53 1 

8. 24 

9.41 

2.52 

. 2607 

.0825 

.0900 

Third- 

to. 00 

74. :i7 

25.6:i 

3.13 

.64 

9.44 

10.41 

2.01 

.3044 

.0941 

. 1078 

Fourth 

10. 00 

75. 10 

24.90 

3.45 

.59 

8.80 

9.93 

2.14 

. 2819 

. 0895 

. 0992 

Fifth 

10. 00 

76.47 

23. 53 

2.71 

.65 

8. 67 

9.21 

2.29 

. 2729 

,0928 

.0916 

Average-- 


74.92 

25. 08 

3.04 

.61 

9. 13 

10. 03 

2.27 

. 2857 

.0921 

.1001 


SOYBEAN SILAGE 


Top 

9. 252 

72. 64 

27.36 

2. 46 

0. 78 

n, 56 

9,91 

2.65 

0. 3296 

0. 1051 

0. 1042 

Second 

9.321 

74.81 

25. 19 

2. 13 

.86 

9. 66 

9.12 

3.41 

.2880 

.0958 

.0892 

Third 

9.929 

77. 33 

22. 67 

2. 07 

.73 

9. 31 

8.42 

2. 14 

. 3084 

.0903 

.0990 

Fourth 

10. 263 

79. 03 

20. 97 

1.86 

.65 

9.03 

7. 67 

1.77 

. 2560 

.0849 

. 0848 

Fifth 

11. 143 

80.81 

19. 19 

1.63 

.66 

7. 92 

6.89 

2.09 

. 2369 

! .0819 

. 0839 

Average-- 

9.982 1 

76. 92 

23.08 ^ 

1 

2.03 

.74 ! 

1 

9.50 

8.40 ‘ 

2.41 

.2838 

.0916 

.0922 


PERCENTAGE RECOVERY OF CONSTITUENTS OF FRESHLY CUT SOYBEANS IN SOY- 
BEAN SILAGE 


Top_„- 

92.52 

9;i 20 

90.75 

72.20 

116. 76 

101,92 

I 

81.73 

101.66 

98.75 

95. 61 

86.14 

Second---.- 

93.21 

91.11 

100. 06 

71.84 

151. 90 

109. 30 

90.36 

126. 06 

102. 95 

108.24 

92.30 

Third 

99. 29 

103.24 

87.83 

65. 53 

113. 02 

97.88 

80.30 

105.64 

100. fjO 

95.22 

91.22 

Fourth 

102.62 

107.99 

86. 41 

55.32 

112. 43 

105.34 

79. 25 

84. 76 

93.21 

97.36 

87.74 

Fifth. 

111.43 

117. 76 

90, 86 

67.24 

112,24 

101.81 

83.32 

101. 46 

96.75 

98.28 

102. 00 

Average-- 

99.82 

102. 75 

91.05 

66, 07 1 

120,26 

103.09 

82. 85 

104. 54 

98.44 

98. 67 

91. 56 


« The values given at each level are the average of one sample obtained during each of the 3 years' 
investigation. 
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The^resiilts of these computations based on samples at^five dilfereri.t 
levels ill the silo over 1 3-year period are presented in Table 2. The 
figures indicate that there was a decided gravitational movement of 
iiioisture as well as a slight actual increase. This increase can be 
accounted for by the moisture resulting from the hydrolysis of organic 
matter in excess of the very small evaporation. The loss of dry matter 
amounted to 9 per cent, largely from the protein and nitrogen-free 
extract. This is less than was observed by Brouwer (2)^ in grass 
silage, and nearly the same as was noted by Shaw, Wright, and 
Deysher (8) in corn silage. Peterson, Hastings, and Fred (7) found 
a To per cent loss of dry matter in corn-silage samples placed in water- 
proof bags to prevent loss or gain by gravitational movement of 
liquid. 

A 17 per cent loss of nitrogen-free extract was observed, which is 
less, both actually and on a percentage basis, than that reported for 
corn silage in investigations summarized by Shaw, Wright, and 
Deysher (8). Acidity and sugars were not determined. However, 
the silage was mild, and tasted less sour than good corn silage. There 
was little change apparent in the crude fiber. 

The greatest loss among the constituents studied was in the crude 
protein, which amounted to 34 per cent; the loss was less a,t the top 
and greater at the bottom of the silo. This rather exceptional loss 
may have been caused by more extensive bacterial action on proteins 
and less on carbohydrates, legumes having a smaller percentage of 
carbohydrates than corn. Moreover a part of this, apparent rather 
than real, might have been due to the escape of volatile nitrogenous 
compounds in drying the samples before analysis. It would seem 
that fermentation continued during all the time that the silage was 
being removed, leading to a loss of more nitrogen toward the bottom 
of the silo than was gained by the down wash of nitrogen in solution. 
The warmer climate of Florida and the lower acidity of a legume 
silage might be conducive to more prolonged surface fermentations. 

The ether extract increased 20 per cent, probably as a result of the 
formation of additional ether-soluble substances. There was little 
down wash of the inorganic constituents in spite of the shift in gravi- 
tational moisture. Perhaps such movement, as has been observed 
by Shaw, Wright, and Deysher (^) and Perkins (6) in corn silage, 
might be observed with legume silage in a taller silo. 

These changes here recorded in the composition of the ensiled 
soybeans are the result of the combined action of bacterial fermenta- 
tion, plant enzymes, chemical interaction, and down wash of solutions 
in the silo. 

SUMMARY AND CONCLUSIONS 

Soybeans ensiled in the early bloom stage and having less than the 
usual (or recommended) dry-matter content made a mild and slightly 
aromatic silage. 

There was a 9 per cent loss of dry matter, principally from the 
protein and nitrogen-free extract. The loss of protein was greater 
near the bottom of the silo, probably due to continued fermentation 
for a longer time. In crude fiber there was no loss, and in ether 
extract there was an absolute increase. On the whole the losses 
were comparable to those found by others in ensiled corn plants 
or grasses. 
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Gravitational movement of water and, to a- lesser extent, of organic 
constituents was observed; gravitational movement of mineral matter 
was slight. 

LITEEATURE CITED 

(.1) Association of Official Agricultural Chemists. 

1925. official and tentative methods of analysis, compiled by 

THE committee ON EDITING METHODS OF ANALYSIS. REVISED TO 
JULY 1 , 1924. Ed. 2, 535 p., Ulus. Washington, D. C. 

(2) Brouwer, E. 

1932. [FURTHER tests ON SILAGE.] Dept. Binneiilaiid. Zakeii en Landb. 

[Netherlands], Verslag. Landboiiwk. Onderzoek. Rijkslaiid- 
bouwproefsta, 370:33-62. 

(3) Eckles, C. H. 

1919- legumes, SUDAN GRASS, AND CEREAL CROPS FOE SILAGE. MisSOUri 
Agr. Expt. Sta. Bill. 162, 25 p., Ulus. 

(4) Hills, J. L. 

1894. ENSILAGING SOJA BEANS AND VETCH. Vt. Agr. Expt. Sta. Rpt. 
(1893) 7:109-110. 

(5) Morris, H. P., Nelson, J. W., and Palmer, L. S. 

1931. QUANTITATIVE DETERMINATION OP CALCIUM, MAGNESIUM, AND 
PHOSPHORUS IN PEEDSTUPPS AND CATTLE EXCRETA. llldus. Elld 

Engin. Chem., Analyt. Ed. 3:164-167. 

(6) Perkins, A. E. 

1923. losses AND EXCHANGES OP MATERIAL DURING THE STORAGE OF 
CORN AS SILAGE. OMo Agr. Expt. Sta. Bui. 370, p. 291-306. 

(7) Peterson, W. H., Hastings, E. G., and Fred, E. B. 

1925, A STUDY OP THE PRINCIPAL CHANGES WHICH TAKE PLACE IN THE 
MAKING OP SILAGE. Wis. Agr. Expt. Sta. Research Bui. 61, 
[32] p., illus. 

(8) Shaw, R. H., Wright, P. A., and Deysher, E. F. 

1921. NITROGEN and OTHER LOSSES DURING THE ENSILAGING OF CORN 
U. S. Dept. Agr. Bui. 953, 16 p. 

(9) WoLL, F. W., and Humphrey, G. C. 

1904. SOYBEAN SILAGE AS A FOOD FOR DAIRY COWS. Wis. Agr. Expt. 

sta. Ann. Rpt. 21: 67-74. 


U. S, GOVERNMENT PRINTING OFFICE! 1933 




Washington, D. C., Apeil 15, 1933 


No. 8 


VoL. 46 


METHOD OF DETERMINING AGE OF BLISTER RUST 
INFECTION ON WESTERN WHITE PINE ' 

By H. G. Lachmtjnd s 

Pathologist, Division of Forest Pathology, Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

Blister rust {Oronwrtium rihieola Diet.) was discovered in western 
North America in the fall of 1921. In 1922 it was found that the 
disease ranged over a wide area in southwestern British Columbia 
and adjacent Washington. Apparently it was originally introduced 
near Vancouver in 1910.^ Its range now extends practically from 
Alaska to California and from the Pacific coast in Washington east 
into Montana. The chief aecial host within this range is native 
western white pine {Pinus monticola Doug.). Investigations of the 
rust in this great new range have been carried on by the Division of 
Forest Pathology since 1922. One of the first essentials in these 
investigations was to establish a method of determining the age of 
infection on pines. In the present paper this problem is discussed 
and a solution offered. 

Pinus monticola occurs in two distinct geograpliic belts. One of 
these belts extends between the Pacific coast and the eastern slopes 
of the Coast Range in British Columbia, from about 150 miles north 
of the international boundary, southward into northwestern Washing- 
ton, and thence mainly along the Cascade Mountains of Washington 
and Oregon into the higher elevations of the Sierra Nevada of Cali- 
fornia; the other belt extends from about 200 miles north of the 
international boundary, in the interior of British Columbia, south- 
ward into the main commercial range of the species in northern Idaho 
and adjacent Washington and Montana. Until 1929 the known range 
of pine infection by the blister rust was confined chiefly to the coastal 
belt in British Columbia and northern Washington and to a small 
portion of the interior belt 120 to 135 miles north of the boundary, in 
British Columbia. The range of infection is now known to extend, 
in the coastal belt, south in the Cascade Mountains to central Oregon, 
and, in the interior belt, into the main commercial pine region of 
Idaho. The results reported here are mainly from studies made 
within the earlier known portions of the range, which constitute the 
area of longest established and heaviest infection, but they are also 


1 Received for publication Aug. 19, 1932; issued May 1933. 

2 The writer was assisted in the collection of data on which this article was based by J. L. Mielke, T. S. 
Buchanan, A. A. McOready, J. W. Kimmey, and W, F. Cummins, of the Division of Forest Pathology, 
and C. N. Partington, formerly of that division, and by W. V. Benedict, of the Division of Blister Rust 
Control. 

3 Pennington, L. H. relation of weather conditions to the spread of white pine blister rust 
IN THE PACIFIC NORTHWEST. Jour. Agr, Research 30:598. 1925. 
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based on data from, the newer sections of the range. The data from 
the two areas are in such close agreement as to indica te that the results 
will be applicable to the enthe range of P. monticola in the Pacific 
Northwest. 

CONDITIONS GOVERNING INFECTION OF WESTERN WHITE PINE 

Cronmiiuvi ribicola infects its aecial hosts through the needles.'^ 
The needles of Pinus monticola are regularly held for three full growing 
seasons. Although some needles fall at the end of the third seasoip a 
great many are generally held through the fourth season, and some 
are commonly held to the end of the fifth season. If the growth rates 
of the needle-bearing parts and the environmental conditions are 
favorable, a few needles may be retained through the sixth or even 
the seventh season, and very exceptionally a needle bundle or two may 
persist through the eighth season. Thus infection may conceivably 
find entrance to the bark on internodes of any age up to eight seasons. 
It is obvious, on the other hand, that the best chances for entrance 
are on the younger growth and that the dropping of the needles 
prevents much infection from entering on internodes more than 4 
seasons old. 

Infection of the needles may occur at any time that moisture con- 
ditions are favorable during the period in which sporidia are produced. 
For all practical purposes, in the range of Pinus rnonticola this may be 
considered as limited to the period during which teliospores are pro- 
duced; or, roughly, from about June 1, when these spores first begin 
to form, until about November 30, when Kibes plants have lost their 
leaves and most of the fungus spores have germinated. 

Ordinarily the majority of the teliospores are produced within a 
relatively short period. This concentration of telial sporulation is 
particularly marked, and comes earliest in the pine-infection centers 
where Kibes plants are plentifully infected by aeciospores early in 
the season. Under these conditions the teliospores are usually pro- 
duced in maximum quantities, and their production reaches its 
height in July or August. 

Any favorable moist period during the time when teliospores are 
abundant results in the production of great numbers of sporidia and, 
if other conditions are favorable, in extensive infection on pines. On 
the other hand, if conditions are not favorable, the delicate sporidia, 
through ineffective germination or loss of viability, soon lose all power 
to infect, and thus the pine-infecting potentiahties of the fimgiis 
on Kibes are largely dissipated for the season. The present investi- 
gations have shown that for the range of Pinus rnonticola in general 
conditions are favorable for heavy pine infection on an average of 
one season out of three. 

DEVELOPMENT OF THE CANKERS 

Infection is followed by an incubation period during which the rust 
grows through the needle into the bark, where its further develop- 
ment causes sufficient discoloration or swelling to permit of an accurate 
macroscopic diagnosis.^ This period varies for individual infections. 


* Clinton, G. P., and McCobmick, F. A. infection enpbbiments of pinus stro bus with cbonar- 
TIUM RIBICOLA. Conn. Agr. Expt. Sta. Bui. 214: [428H59, illus. 1919. 
s Clinton, G. P., and McCormick, F. Op. cit., p. 449-465. 
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Observations of the rust through its western range on Pinus monticola 
indicate that the first discoloration or visible swelling of the bark 
that marks the incipient canker appears only under exceptional 
circumstances in the first season following that of infection/ that it 
appears principally in the second season, to a lesser degree in the 
third season, and to a negligible degree, if at all, later than the third 
season. 

The period required for production of the fruiting stages varies 
also.® When the incipient canker makes its appearance early or 
during the middle of the season, pycnia are generally formed upon 
it the same year. Cankers appearing toward the end of the season 
usually do not produce pycnia until the next year. On the majority 
of the cankers aecia are formed in the year following that in which 
pycnia are produced, but on many not until the second year. 

For young cankers it is seldom diflScult to determine the yearns 
growth (wood on w^hich they originated, and on thrifty trees the 
internodes of entrance can usually be determined for cankers of much 
greater age. The age of the growth on which the canker originated 
madily establishes the maximum possible age of the canker, since 
it is obvious that infection can not occur prior to the formation of 
the part infected. Considered in relation to the general appearance 
of the canker, this afl[*ords a rough index of its age. But in the great 
majority of cases it is impossible to determine accurately the year 
of infection for the individual canker. Only by considering large 
numbers of cankers classified according to the year's growth upon 
which they occur and to their stage of development can the year of 
infection be determined.® 

CANKER PRODUCTION 

Since the teliospores in pine-infection areas are usually produced 
within a relatively short period during any season, the occurrence 
of heavy infection of the pines wdll necessarily be correspondingly 
restricted in point of time, possibly to a few days toward the end 
of the period of teliospore production, or immediately followdng it. 
As might be expected, therefore, incipient canker formation in the 
infection centers generally occurs in definite waves, and usually the 
majority of the cankers of the individual wmves show a marked 
tendency to form simultaneously. 

Heavy waves of canker formation occurred in most of the infection- 
study areas of the coastal section in 1922 and 1923, in the interior 
section in 1924, and more or less generally throughout the range in 
1929. In 1922 most of the cankers appeared in midseason, during 
late July and August. In 1923 the greatest numbers appeared in 
June and July. Most of those produced in the interior study areas 
in 1924 developed from midseason until September, although some 
continued to form until the end of the season. In 1929 concentrated 
production generally occurred toward the end of the season and in 
some places started up for a time the following spring. 

8 Spaulding, P. investigations of the white pine blistee rust. U. S. Dept. Agr. Bui. 957:24-27. 
1922. 

I The term “ wood " has been used by others in a sense similar to that for which the present writer prefers 
the term “growth,’' to designate internodes of given years. 

8 Pennington, L. H. Op. cit., p. 596. 
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Most of the heavy waves of canker formation and some of less 
intensity have stood out distinctly, in some cases strikingly so. For 
example, at an infection area near Eevelstoke, British Columbia, 
where the rust was discovered on pines in 1922 and liacl clearly been 
present on them for a number of years, no more than 48 cankers, 
incipient or otherwise, could be found on tliem iintil 1924. In June 
of that year a wave of incipient canker formation began, reacliing 
such proportions in July and August that by September incipient and 
juvenile cankers could be counted in the area by the tliousands. At 
another area near Eevelstoke, where infection had been present on the 
pines since 1922, the number of cankers increased more than 1,000 
per cent during the latter part of the growing season in 1929 and the 
spring of 1930. 

DISTRIBUTION PATTERN OF CANKERS IN INCIPIENT CANKER 

WAVES 

The incipient cankers of the waves of canker formation that occurred 
ill 1922 maintained a highly regular numerical arrangement in their 
distribution on the internodes of different years. The youngest 
growth on which these cankers occurred was that of 1920. Most of 
the cankers, however, were concentrated on the growths of 1919 and 
1918, the greatest number being on 1919 growth. Their occurrence 
was relatively light on 1917 growth, infrequent on 1916 growth, and 
very exceptional or lacking on older growths. Since these incipient 
cankers had appeared almost simultaneously, it seemed probable that 
the majority, at least, had resulted from a common infection year. 

Inasmuch as some of the cankers occurred on 1920 growth, it was 
evident that the majority must have resulted from an infection not 
earlier than that of 1920. Since none was present on growth younger 
than 1920, this year was evidently the infection year. If the infec- 
tion had occurred in 1921 some of the cankers would undoubtedly 
have been present on 1921 growth; if the infection had occiirred in 
1922, there would not have been sufficient time for even incipient 
cankers to develop, or assuming incubation to have taken place, the 
cankers would have appeared on the growtli of 1922 as well as on that 
of other years. 

The waves of canker formation that occurred in 1923 sliowed a 
distribution closely analogous to that of the 1922 waves. No cankers 
were found on 1923 or 1922 growth. Relatively few were found on 
1921 growtli; the great majority occurred on 1920 and 1919 growth, 
and the greater number of these on 1920 growdli; 1918 growth had 
relatively few, and older growths were very little affected. The same 
general relations have characterized the distribution of cankei's of 
each distinct wave of canker formation since then. 

It is evident that this characteristic numerical distribution of 
the cankers, combined with similarity in stage of development, 
provides a means of ascertaining the infection years for groups of 
cankers in more advanced stages, thus making it possible to determine 
the main years of infection and to work out the history of the rust 
from analyses of older classes of cankers. 

For convenience in presenting and summarizing the observations 
and data the following symbols are used: 
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a, youngest growth upon which cankers of the infection wave were found. 

b, growth 1 year older than a. 

Cy growth 2 years older than a, 

dy growth 3 years older than a. . 

By growth 4 years older than a. 

f, growth 5 years older than a. 

g, growth 6 years older than a. 

hy growth 7 years older than a. 

Figure 1 shows diagrammatically these symbols and the normal 
oeciuTence of needles for several successive 3mars- 
Most of the needles on d in A are dropped at the end of the season^ 
and the remainder are generally dropped at the end of the season the 
folio wing year. The chances of infection through the needles on 



Figure I.—Needle retention in Pinus monticola infected with Oronariium ribkoki: A, Branch after 
completion of internode a; B, branch one year later; C, branch tw’o years later (w’hen most of 
the cankers appear); D, branch three years later (w'hen the majority of the remaining cankers 
appear); a, youngest growth, or internode, on which cankers of the infection wave were found; 
b to h, growths, or internodes, 1, 2, 3, 4, 5, G, and 7 years older than a, respectively 

older growths are obviously small. Undoiibtedh^ this accoimts for 
the small representation of cankers on such growths shown in the 
characteristic pattern of the cankers of the distinct waves of canker 
formation^ wdiich is summarized below: 


Orowth Cankers 

a Relatively few. 

b Greatest number 

c Considerable numbers i ^ ^ * 

d - Relatively few. 

e - _ Very few'. 

/ - Exceptional. 

g None. 

)i None. 

Sample counts of cankers from these waves are presented in Table 1 ; 
the number on each yearns growth is expressed as a percentage of the 
total. 

The individual records consistently show the same general relation- 
ships. The percentage of cankers on a is normally relatively sinall^ 
averaging about 10; & and c together have consistently the largest 
percentage (80-90)/ wdth much the largest percentage (usually more 
than 50) on b; the percentage on is generally relatively small (aver- 
aging about 5); and that on older growths is practically negligible. 
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Table 1 . — Canker recorch from distinct waves of canker formation"' in various 

areas 


COASTAL REGION, BRITISH GOLaMBIA 





Youngest growth 
showing cankers 

{ar 

Year 

of 

Num- 

ber 

of 

can- 

kers 

Percentage of eankers on- 


No. 

Eleva- 

tion 

Location 

can- 

ker 

forma- 

tion 

a '• 

h 


d 

e 

/ 

f/ 




fl920 ..... 

1922 

77 

17 

52 

23 

rr 

1 

0 

0 




1920 

1922 

53 

10 

58 

28 

4 

0 

0 

0 




1920 

1922 

(58 

6 

50 

43 

1 

0 

0 

0 















Total or average. 


198 

11 

53 

31 

4 

1 

0 

0 















1921 

1923 

76 

12 

63 

13 

9 

3 

0 

0 



/Thurston Bay 

1921 

1923 

1923 

81 

136 

14 

60 

20 

6 

0 

0 

0 

1 


1921 


57 

34 


0 

0 

0 




7 

2 




Total or average. 


293 

10 

59 

24 

5 

1 

0 

0 













1922 

1924 

123 

19 

9 

61 

17 

3 

0 

1 

0 

0 




1924 

1926 

115 

55 

34 

1 

0 

0 














Total or average. 


729 

12 

57 

26 

4 

1, 

0 

0 







2 


Pender Harbor 

1921 

1923 

134 

5 

54 

37 

4 

0 

0 

0 




/1920.-.. 

1922 

40 

8 

41 

35 

S 

0 

0 

0 







Near 


1921 

1923 

417 

8 

49 

37 

6 

0 

0 

0 


^ sea 
level 


1921. 

1923 

302 

10 

53 

32 

5 

0 

0 

0 


Chee Kye 



3 


Total or average . 


719 


51 

35 

6 

0 

0 

0 





8 










1922.. 

1924 

48 

17 

64 

19 

0 

0 

0 

0 




1923 

1926 

45 

16 

60 

22 

2 

0 

0 

0 









. Total or average. 


852 

9 

52 

33 

6 

0 

0 

0 






4 


Sperling 

1921 

1923 

91 

7 

55 

31 

7 

0 

0 

0 




(1923 

1926 

56 

11 

57 

30 

2 ' 

0 

0 

0 




1924 

1926 i 

112 

7 

68 

21 

4 

0 

0 

0 

5 


Qualicum Beach 

|l927 . 

1929 

40 

12 

55 

30 

9 

0 

0 

0 




1 






1 Total or average. 


208 

9 

63 

25 

3 

0 

0 

0 









Total or average. 


2, 014 

10 

56 

30. 2 

4. 6 

. 2 

0 

0 



1 





COAST MOUNTAINS, BRITISH COLUMBIA 

6 

Feet 

1, 300 

Daisy Lake.. 

1921 

1923-24 

98 

10 

56 

24 

10 

0 

0 

0 








(1923 

1925 

145 

2 

53 

43 

2 

0 

0 

0 

rr 

800 

Owl Creek 

1924- 

1926 

123 

4 

60 

33 

2 

0 

0 

0 

7 

h927.. 

8 

10 



1929 

52 

48 

34 

0 

0 

0 








[ To'tal or average. 


32C 

4 

55 

38 

3 

0 

0 

0 











(1920 

1922 

121 

14 

42 

33 

10 

1 

0 

0 

8 

1,300 

Mile 72, P. G. E. Ry--.. 

ll921-._ .... 

1923 

124 

13 

46 

34 

4 

1 

0 

0 






[ Total or average. 


245 

13 

44 

35 

7 

1 

0 

0 









Total or average. 


663 

8 

51 

34.5 

6 

. 5 

0 

0 









«From main body of wave where possibility of admixture of cankers of two successive years was least in 
each case. Samples were taken indiscriminately through the stand from trees that could be examined 
from the ground or easily climbed. Cases indeterminate in regard to age of growth infected or stage of 
development of the canker were not included, 
b From sample records of the Division of Blister Rust Control. 

<5 For definition of symbols a, 6, c, d, etc., see page 679. 
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Table 1. — -Ccinker records from distinct loaves of canker formation^ in various 

areas — Continued 

OTHER areas 





Youngest growth 
showing cankers 
(a)b 

Year 
of ‘ 

Num- 

ber 

of 

can- 

kers 

Percentage of cankers on— 


No. 

Eleva- 

tion 

Location 

can- 

ker 

forma- 

tion 

1 at* 

b 

c 

d 

€ 

! 

! 

/ 

g 



1 

fl922 

1924 

296 



31 

8.5 

1.5 

0 

0 

9 

1, 500 

Revelstoke, B r i t i .s h 

1922 

1924 

307 

3 

51 

34 

10 

2 

0 

! 0 


Columbia. 

h922 

1924-25 

180 

|14 

52 

27 

i 6.5 

.5 

0 

0 









1 Total or average. 


783 

7 

52 

31 

8.7 

1.3 

0 

0 






10 

2, 000 

Columbia River, S miles 
north of Revelstoke. 
Arrow Park, British 

1927 

1929-30 

1, 805 

135 

12 

54 

30. 12 

3.5 

.33! 

.05 

0 

11 

1, 700 

1927 

1929 

8 

53 

36 

3 

1 

0 

0 

! 0 

12 

3, 100 

Columbia. 

Apex, British Columbia, 
experiment plot. 
Mount Hood, Oreg., 
near Rhododendron. 
Eagle Creek, Oreg 

1928- - 

1 

I 1930 

144 

5 

52 

32 

37 

10 

1 

0 

‘ 0 

13 

2 , 500 

1927 

1929 

92 

9 

42 

12 

0 ; 

0 

0 

14 

500 

1927 

1929-30 

243 

14 

42 I 

36 

7 

1 

0 1 

0 









Total or average. 


3, 202 

10. 2 

52.3 

31.3 

5.5 

.67 

.03 

0 




Total or average. ■ 


5,879 

9.8 

53.2 

31.3 

6. 21 

I ,47 

.02 

0 









See foo*tnotes on p. 680. 


DETERMINATION OF YEAR OF INFECTION 

The typical distribution pattern of the incipient cankers, their 
simultaneity of appearance, and the conditions governing infection 
of the pines may be taken as conclusive evidence that the majority 
of the cankers of each wave are approximately the same age and of 
common origin; i. e., that they resulted from an infection of the same 
year. On this basis, the year of infection for each of these waves is 
determined by the youngest growTh affected. In most cases this is 
the growth that formed two seasons before the appearance of the 
cankers. In the waves that became apparent in 1922, for example, 
the youngest growth showing cankers was that of 1920; in the waves 
of 1923, it was the growth of 1921; in the 1924 waves, it was the 
growth of 1922j etc. 

Since there may be some doubt as to these conclusions, however, 
the analysis of the 1922 waves may be carried somewhat further. 
It may be assumed that infection occurred in 1921. Since none of 
the cankers were present on 1921 growth, it would follow either that 
the needles of 1921 were immune to infection or that a longer time 
was required for incubation in the needles and bark of 1921 than in 
the needles and bark of older growths, and that the infection on 1921 
growth had not yet become apparent. Since relatively few of the 
cankers occurred on 1920 growth, it would be necessary to assume 
either that the needles of 1920 were resistant to infection in 1921 or 
that incubation was slower for this growth than for older growths. 
In accordance with the regular habit of needle retention in Finns 
monticola (fig. 1), 1919 growth (6), which was in its third season of 
development in 1921 (fig. 1, B), lost some of its needles at the end 
of the season in 1921. Most of the needles that remained on 1918 
growth (c) fell at the same time. Yet the great majority of the 
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cankers occurred on 1919 and 1918 growths. Therefore, for 1918 
growth at least, the rust must have grown through the needles and 
into the bark with extraordinary rapidity. The growth.^ ol 1917 {d) 
was practicall}^ devoid of needles in 1921. (Fig. 1, B.) 1 et the num- 

ber of cankers on this growth, although small in compaiison to the 
number on 1919 and 1918, growth was actually very considerable. 
Since most of the few needles remaining on this growth were cast in ttie 
fall of 1921, the only possible explanation would be that some ol the 
infection on this growth occurred directly through the bark, which 
was then 4 seasons old. Certainly this explanation is too improbable 
to merit further consideration, and it is obvious that to assume that 
infection occurred in 1922 would recjuire an explanation still more 
improbable. 

If it is assumed that the cankers of the 1922 waves resulted from 
the combined infection of two or more years, it would be necessary 
to conclude, since these waves exhibited the typical arrangement of 
distinct canker-formation weaves generally, that this arrangement 
characterized the distribution of cankers of two or more infection 
years forming simultaneously and that all the distinct \vaves arose 
from similar combinations, for the typical arrangement is too con- 
sistently maintained to be accidental. On this basis, for example, 
if it is assumed that the 1922 waves resulted half from 1919 infection 
and half from 1920 infection, then the 1923 waves must have origi- 
nated from equal proportions of infection of 1920 and 1921, the 1924 
waves from equal proportions of infection of 1921 and 1922, and the 
1929 waves from equal proportions of infection of 1926 and 1927. 
In other words, the infection years would necessarily bear a regular 
proportional relationship toward one another, wkich is obviously 
beyond probability. 

Evidently, then, it is reasonable to accept the typical arrangement 
as evidence that the majority of the cankers of any one of these 
waves resulted from infection in a single year and that the youngest 
growth affected (a) marks the infection year; i. e., it is the growth 
formed the year infection occirrred. Thus Table 1, , column 4, gives 
the infection year for each of the waves of which the cankers were 
counted. 

The dates of the infection as determined by the foregoing metliods 
have been further confirmed by observations of weather conditions. 
In the years shown by the analyses of cankers to have been heavy 
infection years, conditions have been favorable for heavy pine infec- 
tion; rand wdien analyses have shown that the infection wais light, 
conditions have been unfavorable for infection. 

The method of age determination is thus supported by a complete 
chain of evidence comprising the following series of phenomena found 
occurring repeatedly and uniformly throughout a wide range of repre- 
sentative areas over a period of nine years of observations : 

_ (1) Evidence or actual observations of outstanding favorable seasonal condi- 
tionsforinfectionofthepmes- 

(2) Two seasons later a heavy wave of canker forination, sometimes extending 
into the third season. 

(3) Distribution of these cankers in accordance with a characteristic distri- 
bution pattern. 

(4) Only one acceptable explanation of the canker distribution, namely, that 
most of the cankers in each wave were the same age; i. e., that they resulted from 
an infection of the same season. 
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(5) Date of the infection season fixed by the distribution of the cankers as a 
favorable season two or three seasons before the appearance of the majority of 
the cankers. 

Since, liowever, before tbe appearance of the canker the infection 
year is indicated only by its outstandingly favorable conditions in 
sporidia production and moisture, the evidence for the hypothesis 
herein advanced is primarily circumstantial. It is desirable, therefore, 
to consider cases, where there could be no doubt in regard to the year of 
infection. The opportunity to do this occurred recently in a case in 
which the infection year was definitely known before the cankers 
appeared . In this case two Ribes plants, the only specimens standing 
in a small isolated area of sound pine, were infected artificially in 1928. 
Ribes infection was not present in the area in 1927 or in 1929. In 
the growing season of 1930, 144 incipient cankers appeared only on 
trees within a short distance of the Ribes and in greatest profusion on 
those in the immediate vicinity of the Ribes. There can be no 
doubt that these cankers resulted from the infection on the Ribes 
plants in 1928. The record of these cankers (Table 1, area No. 12) 
follows closely the general trend and average of the other records. 

It has been stated earlier in this paper that cankers are rarely found 
on trees in the first season after the year of infection. This is the 
case with most trees. On trees more than 3 feet high and 8 years old 
tlie writer in nine seasons of observations has never seen an incipient 
canker on growth younger than that formed two years before the 
year of examination. On the youngest seedlings and on those up to 
about 5 years old, however, the writer has positive proof that a great 
many if not most of the cankers appear in the season following that of 
infection. In determining the heavy infection years, therefore, can- 
kers on such seedlings must not be included with the records of infec- 
tion on the older trees, which generally constitute most of the growth 
in any natural infection area and therefore have the great majority 
of the cankers. 

V ariation in needle retention is another factor that must be taken 
into accoxmt in investigations of the history of infection in any pine 
area. The normal period of needle retention described earlier in tins 
paper does not apply absolutely, for in areas where growth is relatively 
slow, usually at higher elevations, the needles are commonly held for 
a somewhat longer period than is normal; and where growth is par- 
ticularly rapid they are actually held for a somewhat shorter period 
than is normal. This is especially noticeable on the faster growing 
parts such as the leaders and upper branches of thrifty trees, where the 
needles are commonly shed a full year earlier than is normal. 

Since infection occurs tlmough the needles, it is clear that the (iis- 
tribution of the cankers on growths of different years will be in- 
fluenced by differences in needle retention. It may be assumed, for 
example, that areas 8, 9, 12, and 13, in Table 1, represent conditions cff 
high altitude and slow growth and that areas 1 and 5 represent condi- 
tions of lower altitude and particularly rapid growth. Table 2 shows 
the two scales of arrangement for the two types of conditions sepa- 
rately. The arrangement for the grand total of Table 1 may for all 
practical purposes be considered normal; the data are given as approxi- 
mate percentages for comparison in Table 2, 
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Table 2. — Percentage of cankers found o?i growths of di;ff event years under condi- 
tions of low altitude and rapid growth and of high altitude and slow growth 



Percentage of cankers under 
indicated conditions 


Percentage of cankers under 
indicated conditions 

Growth affected 

Low 

altitude 

(rapid 

growth) 

High 

altitude 

(slow 

growth) 

Normal 

Growth « affected 

Low 

altitude 

(rapid 

growth) 

High 

altitude 

(slow 

growth) 

Normal 

a “ 

10+ 

60 

7+ 

49+ 

34- 

10- 

1 

/ ' 

0 

0 

Trace. 

b 

53+ 

31+ 

5+ 

0. 5— 

a - 

0 

0 

0 

c 

26— 

h 

0 

0 

0 

d 

3+ 

0.5 

9+ 

1- 

i „ 

0 

0 

0 

e 






“Growth of season of infection; i. e., youngest growth showing cankers of the wave. 


As might be expected, the high-altitude group shows a greater 
spread of the infection to older growths, c and older growths having 
more than the normal amounts and a and b growths less ; whereas the 
low-altitude scale shows more infection than normal on b growth 
and less than normal on c and older growths. As a rule, the differences 
are small, and the same general relationships prevail in all the scales. 

TECHNIC FOR DETERMINING AGE OF CANKERS 

The application of the foregoing scales of arrangement is simple. 
On encountering a new infection area the investigator first determines 
the general span of needle retention in order to decide what scale to 
apply in determining the infection years. The normal scale or even 
the typical distribution as expressed in descriptive terms alone (p. 679) 
will usually suffice for general application. Records should then be 
made of the cankers classified according to stage of development. 
The following classification has been found most useful : 

Young cankers: 

First symptoms. — First signs of infection on the bark; incipient cankers indi- 
cated by discoloration less than one-half inch in length on the smaller, slower- 
growing twigs and branches and up to about three-quarters inch in length 
on the larger branches and leaders, usually showing little or no swelling. 

Juvenile.-— SmsX] infections that have developed beyond the stage of first 
symptoms but have not yet produced pycnia. 

First pycnia. — Infections that at the time of the count or earlier in the same 
season were bearing pycnia for the first time. 

Pycnial scars. — Infections that had borne pycnia for the first time the pre- 
ceding year but failed to produce aecia in the spring of the year in which the 
count was made. 

First aecia. — Infections that bore aecia for the first time in the spring of the 
year in 'which the count was made. 

Old cankers: 

Aecia produced twice. — Cankers that bore aecia for the second season in the 
spring of the year in which count was made. 

Aecia produced several Cankers that had borne aecia for several seasons. 

Dead. — Old cankers in which death prevented further development 

From first to last, these headings represent normal progressive 
steps, foUowing incubation, ^ m the development of the individual 
infection. 

In order to apply this scheme of classification it is necessary to 
consider two f acts : (1) That cankers grow longitudinally at an average 
rate of approximately 2.5 to 3 inches per year on twigs and branches 
less than one-quarter inch in diameter, and (2) that this rate increases 
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up to an aAT^erage of about 7 or 8 inches a year on parts 3 inches or more 
in diameter. ^ It is also necessary to be familiar with the normal de- 
velopment of fruiting stages described on page 677. Where fruiting has 
obviously been retarded, the plan of classification may be enlarged to 
include such cankers. 

^ In Table 3 an illustration is given of the application of the distribu- 
tion pattern to the analysis of the history of the rust in a typical 
infection area near sea level. Table 3 gives a count taken indiscrim- 
inately on April 27, 1924, from the cankers found on thrifty trees 
ranging from approximately 10 to 30 years of age. The count in- 
cluded only cankers for which it was possible to determine definitely 
the age of the growth on which the canker started and the stage of 
development of the canker. 


TabTjE 3 . — Canker tabulation, Chee Kye, British Columbia, April 27, 1924 


Number of cankers at indicated stage of development 


Growth affected 

Young 

Old 

First 

symp- 

toms 

Juve- 

nile 

First 

pycnia 

Pyc- 

nial 

scars 

First 

aecia 

Aecia produced 

Dead 

Twice 

Several 

times 

1 

2 


4 

5 

6 

7 

3 

9 

1924 

0 

0 

0 

0 1 

0 

0 

0 

0 

1923 

0 

0 

0 

0 

0 

0 

0 i 

0 

1922 

0 1 

0 

0 

0 

0 

0 

0 

0 

1921 - 

12 

9 

0 

4 

19 

0 

0 

0 

1920 - 

19 

21 

0 

23 

162 

3 

0 

0 

1919 

2 

10 

0 

16 

126 

20 

0 

0 

1918 ----- - - 

0 

0 

0 

0 

27 

14 

2 

0 

1917 

0 

0 

0 

0 

0 

3 

2 

0 

1916- - 

0 

0 

0 

0 

0 

0 

0 

0 

1915 - 

0 

0 

0 

0 

0 

0 

2 

0 

1914 and older 

0 

0 

0 

0 

0 

0 

0 

0 


The coiint did not include cankers of the first year of infection on 
pines in this area. Special search for older cankers showed, on growth 
ranging from that of 1910 to that of 1913, a few veiy old cankers. 
The arrangement of these old cankers and the fact that weather rec- 
ords indicate 1913 to have been an outstandingly favorable year for 
infection of both Ribes and pine, showed that the cankers probably re- 
sulted from infection in 1913. The analysis of the older cankers, not 
included in Table 3, showed considerable intensification in 1917 and 
1918, particularly in the latter year. A comparison of the normal 
distribution pattern with the tabulation in Table 3 shows that much 
intensification occurred in 1920 and a very large amount in 1921. 
From the distribution relationships of the cankers listed in columns 2 
and 6 of Table 3 it is evident that the great majority are of 1921 origin. 
The proportion of these cankers to older cankers, in view of the lact 
that the number recorded represents but an infinitesimal fraction of 
the number present, indicates that a great wave of intensification 
occurred in 1921. Practically all the cankers in column 7, from their 
arrangement, are clearly of 1920 origin. 
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Table 4 gives a tabulation for the same area from November 15 
to 16, 1924, the 3^ear in the spring of which the tabulation in Table 3 
was made. The same rules applied in making the tabulation given 
ill Table 3 were observed in making the tabulation given in Table 4. 


Table 4. — Canker tabulation, Chee Kye, British Columbia, November 15 to 16, 1924 



A comparison with the normal distribution pattern shows clearly 
that considerable additional intensification of infection on pines oc- 
curred in 1922. The cankers in columns 2 to 4 of Table 4 are mainly 
of 1922 origin. Their number is small in proportion to the number of 

1921 cankers (columns 5 and 6), but they seem to exceed the number 

in 1920 (column 7). It must be remembered, however, that as the 
cankers grow older they are increasingly difficult to classify exactly 
according to stage of develop] it and year of origin. Therefore, 

since doubtful cases are not in ded in the counts, some allowance 

must be made to balance thi difference. Observations indicated 

that cankers of the 1920 wave w i slightly more abundant than those 

of the 1922 wave. In view o1 le fact that aecial sporulation and 

the opportunities for the infect: of Ribes were much better in 1922 

than in 1920, owing to the de 3pinent of sporulating cankers be- 
tween these years, it was evidc from the coimt, together with the 

observations, that 1920 was a <j dderably more favorable year than 

1922 for infection in this area. 

As already indicated, can ition in Pinus monticola takes 

place chiefly in the second ; r the year of infection and to 

some extent in the thud yea; ankers generally begin to form 

in the spring^ of the second . are produced in the greatest 

numbers during the summei of that year. In the winter, 

growth practically ceases in %s well as in the host. Conse- 
quently, if all the cankers 1 made their appearance in the 

second year, the remainder d( narily develop until after active 

growth is resumed the follow 
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Noiinally the ppportion of cankers produced in the third year is 
small and the period of formation is confined to the first months of 
spring. Frequently, however, a considerable number, sometimes 
many, are produced, and the period of formation contimies until well 
into the summer. 

Where successive infection years occur, the third-year production 
of cankers frequently results in an overlapping in the formation of 
the cankers of one infection year with that of the next and the inter- 
mixture of incipient cankers of two infection years. Since the pro- 
portion of cankers produced in the third year is usually small and 
production is generally limited to spring, the overlapping and inter- 
mixture are correspondingly slight and limited to spring; but when 
third-year production is considerable and prolonged the overlapping 
and intermixture may be extensive. 

Besides occurring at incipiency, intermixture of cankers normally 
takes place during the later stages because of variation in rate of 
development and production of fruiting stages and the consequent 
impossibility of classifying the cankers according to the year of origin 
after they have passed the early stages. Thus, cankers formed in the 
fall of one year do not produce pycnia until the following summer. 
Meantime cankers resulting from the next infection year are formed in 
the spring and produce pycnia at the same time as do the cankers 
formed the preceding fall. The result is an intermixture of the 
cankers of the two consecutive infection years in the First pycnia” 
column. If the count is taken shortly before the formation of pycnia , 
there will be an intermixture of the two sets under the Juvenile” 
classification. 

The frequency of intermixture increases with increasing age. For 
example, not all the cankers that produce first pycnia one year produce 
aecia the following spring; some cankers normally produce their first 
aecia the second spring after the production of pycnia. Where suc- 
cessive infection years occur this will result in considerable inter- 
mixture under the classification ^^First aecia.” The extent and com- 
plexity of intermixture will obviously be still greater among the older 
cankers. 

This intermixture, whether it occurs at incipience or later, tendvS to 
obscure tlie actual distribution relationships of the cankers. For- 
timately, the infection years in the earlier stages of the epidemic are 
generally separated by periods of one to several years during which 
little or no infection occui’s; if later they become successive they 
usually are highly unec[ual, so that the years of heavy infection stand 
out. But even if intermixture is extensive the infection years may be 
differentiated by use of the typical distribution relationsMps. 

The application of the relationships in these cases may be best 
illustrated by a hypothetical example. Assuming that 100 cankers of 
each of two successive infection years, 1922 and 1923, represent a 
single stage of development and that in both cases the distribution of 
the cankers is identical with the normal scale, it follows that the 
distiibution of each set and of the sums of the two sets, the latter 
constituting the numbers recorded, would be approximately as given 
in Table 5. 
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Table 5.^ — Hypothetical distribution of cankers in a case of intermixture of 100 
cankers from each of txoo infection years 


Growth affected 

Number of cankers 

Growth affected 

Number of cankers 

From 
1923 in- 
fection 

From 
1922 m- ; 
fection 

Total 

From 
1923 in- 
fection 

From 
1922 in- 
fection 

Total 

1923 

10 

0 

10 

1918 

0 

1 

1 

192*2 

53 

! 10 

63 

1917 

0 

0 

0 

1921-,. — 

31 

53 

84 





3920 

5 

31 

36 

Total 

100 

100 

200 

1919 

1 

5 

6 






Application of tlie scale to the combined totals in this case would 
permit an almost exact segregation of the two sets. Obviously such 
an equal combination and exact agreement of the individual compo- 
nents with any distribution scale is not to be expected in nature. 
But as already shown, there is consistently a sufFiciently close adher- 
ence to the general relationships of the typical distribution pattern 
to permit analysis where intermixture occurs. 

The detailed data collected by the Division of Blister Bust Control 
on the Long Meadow Creek and Three Bear Creek infection area, 
Idaho, in July, 1930, represent an extensive admixture caused by 
oveiiapping of canker formation and by variation in development, 
and illustrate a practical application of the distribution pattern to 
actual conditions. In this case the overlapping of canker formation 
and consequent intermixture in the cankers of the younger stages 
were extreme. (Table 6.) The area may be classified as normal in 
general conditions. But since most of the trees were of considerable 
height and the majority of the cankers were situated on the slow- 
growing branches of the lower crowns, which formed the major 
portion of the substratum for infection in close proximity to the Ribes, 
the scale of arrangement for slow-growing conditions was used in the 
analysis of the data. 

Table 6. — Canker tabulation, Long Meadow Creek and Three Bear Creek infection 

area, Idaho, July, 1930 


Number of cankers at indicated stage of development 


Growth affected 

Young 

Old 

First 

sjunp- 

toms 

Juve- 

nile 

First 

pycnia 

Pyc- 

nial 

scars 

First 

aecia 

Aecia produced 

- 

Bead 

Twice 

Several 

times 

■ ■ r 

2 

3 

4 

5 

6 

7 

8 

9 

1930---——- 

0 

0 

0 

0 

0 

0 

0 

0 

1929---- — - — -. 

0 

0 

0 

0 

0 

0 

0 

0 

1928-..------- 

60 

127 

2 

4 

1 

0 

0 

1 

1927 ■ 

111 

750 , 

35 

61 

65 

0 

0 

1'., 3 

1926- 

125 

1, 328 ! 

123 

232 

248 

2 

2 

1 . ■■ 2 

1925 ... 

39 

578 

73 

146 

304 

6 

7 

. 2 

1924..-.. 

4 

88 

16 

54 

101 

24 

10 

7 

1923 - - 

0 

12 

1 

10 

11 

4 

7 

3 

1922, 

0 

1 

0 

1 

0 

0 

4 

4 

1921— — 

0 

0 

0 

0 

0 

0 

0 

1 

1920 and older, . . „ — 

0 

0 

0 

0 

0 

0 

0 

0 
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A det^ed analysis of the data in Table 6 gives the following results : 

The distribution of the cankers in column 2 indicates that they are 
prinmrily of 1928 origin, although the inclusion of a certain proportion 
originating from 1927 infection is suggested by the relatively large 
representation on 1926 growth. Column 3 contains the majority of 
all the cankers counted. A superficial examination of the figures indi- 
cates that many of the cankers originated from infection in 1928 but 
that the greatest number originated from infection in 1927. This 
may be seen by comparing the great numbers of cankers on 1926 and 

1925 growths wdth the typical distribution pattern as expressed in 
descriptive terms alone (p. 677). A more critical analysis may be 
made by trial and comparison of assumed values on the basis of the 
relationships shown in the scale. In column 3 the 127 cankers on 
1928 growTh are obviously of 1928 origin. Assuming the occurrence 
of cankers of this year on older growths in this column to be approxi- 
mately 610 on 1927 gi'owth, 500 on 1926 growth, 100 on 1925 growth, 
and 10 on 1924 growth, a total of 1,347 cankers is obtained, leaving a 
remainder of 1,537 distributed as follows: 140 on 1927 growth, 828 on 

1926 growth, 478 on 1925 growth, 78 on 1924 growth, 12 on 1923 
growth, and 1 on 1922 growth. In terms of percentage the distribu- 
tion for the 1928 group becomes: a, 9; 6, 45; c, 37; d, 8; <?, 1; and for 
the 1927 group: a, 9; 6, 54; c, 31; rf, 5; and I. The figures show that 
. about 82 per cent of the cankers in the 1928 group and 85 per cent of 
the cankers in the 1927 group occurred on h and c growths, which 
compares w^'eH with the normal pattern and at the same time balances 
the variations from the values of the high-altitude scale as closely as 
is necessary for practical purposes. The conclusion is the same as 
that derived from the superficial analysis; i. e., that many of the can- 
kers originated from infection in 1928 but that the greater number 
originated from infection in 1927. 

In column 4 of Table 6 it is evident that the great majority of the 
cankers originated in 1927, although a few of 1928 origin are included 
also. Since 2 of the cankers occur on 1928 growth, this column, in 
accordance with the high-altitude scale of arrangement, should con- 
tain about 14 cankers of 1928 origin on 1927 growth, 10 on 1926 
growth, and 2 on 1925 growth. This makes a total of about 28 can- 
kers of 1928 origin, lea^dng a balance of 222 distributed as follows: 
9+ per cent on 1927 growth, 51 + per cent on 1926 growth, 32+ per 
cent on 1925 growth, 7 + per cent on 1924 growth, and less than 1 
per cent on 1923 growth. A comparison of the high-altitude scale 
with the distribution pattern of these cankers show's an almost exact 
agreement of the figures with the scale and definitely determines 1927 
as the infection year for the group. 

In column 5 of Table 6 is found a class of cankers that made their 
appearance and produced pycnia in the year preceding that of the 
tabulation but failed to produce aecia in the tabulation year, 1930. 
It will be noted that four cankers in this column w^'ere found on 1928 
growth. These cankers, therefore, originated from 1928 infection and 
made their appearance in the following season, 1929. Since this is 
extremely unusual, except on young seedlings up to about 5 years 
old, it is presumed that these cankers were recorded from such seed- 
lings, of which undoubtedly there was a certain representation on the 
area. The distribution of cankers resulting from a given year’s mfec- 
tion on such yoimg trees differs somewhat from the normal distribu- 
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tion on older trees and averages about 15 per cent on a growth, 69 per 
cent on 6, 14 per cent on c, and 2 per cent on d. According to this r el a- 
tionsliip, since 4 of the cankers occur on 1928 growth column 5 should 
contain about 18 such cankers on 1927 growth and 4 on 1926 growth, 
making a total of about 26 cankers that may be considered to have 
originated from infection of 1928. There remain 482 cankers, dis- 
tributed as follows: 9 per cent on 1927 growth, 47 4- per cent on 1926 
growth, 30+ per cent on 1925 growth, 11+ per cent on 1924 growth, 
2+ per cent on 1923 growth, and less than 1 per cent on 1922 growth. 
Comparison of the arrangement of these cankers with the high-altitude 
scale shows that the infection year was 1927. 

The majority of the cankers in column 6 of Table 6 are of 1927 
origin, although a few are of 1928 origin, and there is evidently a very 
considerable proportion of 1926 origin on 1926 and older growths in 
this column. This is clear not only from the arrangement of the can- 
kers but from the fact that in general the production of aecia occurs 
only in part of the cankers in the year following that of their appear- 
ance, aecial production on most of the remainder occurring in the 
following ymar. 

The distribution of the cankers in column 7 of Table 6 indicates 
infection in both 1926 and 1925. The number of 1926 cankers in 
column 7 is only a fraction of the number in column 6. Evidently, 
then, most of the cankers that originated from 1926 infection either 
failed to produce aecia in 1929, following the production of first pycnia 
in 1928, or did not reach the stage of pycnial production until 1929, 
or both, and did not arrive at the stage of aeciospore production until 
the spring of 1930. 

The distribution of the cankers in colimin 8 of Table 6 indicates 
infection in both 1926 and 1925. If the 1926 cankers in column 8 
had actually produced aecia more than twice it would appear that they 
must have formed and produced pycnia at least by 1927, the year 
following infection. As already stated, this is a rare occurrence ex- 
cept on very young trees. Since the proportion of such cankers in 
this case appears to be rather large and since at the time of year the 
count was made cankers that have produced aecia only twice may 
easily appear to have produced aecia more than twice, it is more 
probable that part of the 1926 cankers in column 8 had actually pro- 
duced aecia only twice and should have been included in column 7, 

The prevalence of cankers on 1924 growth, as show^n in columns 7 
and 8 of Table 6, indicates that the larger proportion originated from 
infection iii 1925. The number of 1926 cankers recorded in coliinin 6, 
how^ever, is greater than the total of all cankers in columns 7 and 8 
and, together with the 1926 cankers in these two columns, indicates 
a decidedly heavier infection in 1926 than in 1925. 

From a recapitulation of the foregoing analyses and from a broader 
consideration of the data in Table 6, two years — 1927 and 1928^ — 
stand out as years of very heavy infection, 1927 showing much the 
heavier infection. In considering the degree of infection indicated 
by the record for the year 1928, however, it should be remembered 
that part of the cankers do not become apparent until the third year 
after the infection year. The tabulation was made in 1930. The 
incidence of cankers of 1927 origin in the youngest classes in stage 
of developinent indicates that in the Long Meadow and Three Bear 
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Creek area there is a considerable lag in incubation and that relatively 
large proportions _ of the cankers may not make their appearance 
there until the third year after the infection year. On this basis, a 
considerable propoi'tion of the cankers of 1928 origin might not 
appear until 1931. Therefore, since the record was made in 1930, 
the indications of the degree of infection in 1928 must necessarily be 
considered incomplete. 

In addition to the infection of 1927 and 1928, the analysis shows a 
certain amount of infection in 1925 and 1926, the greater amount 
in 1926. 

The earlier infection history of the area had to be studied by means 
of special counts of the oldest cankers that could be found. The 
arrangement of these cankers and their situation on the area indicated 
that an appreciable amount of infection occurred in several local 
foci in 1923. No cankers were found that could be assigned to any 
earlier infection year. The infection in 1923 and that in 1925, when 
the 1923 cankers were just making their appearance but had not yet 
produced aecia, was considerably heavier and more profusely distrib- 
uted than is normal through infection of Kibes by the long-distance 
spread of aeciospores from the outside. The usual ratio of Kibes 
infection to that on pines indicated that at least one or two sporulat- 
ing cankers were present in the near vicinity at the time. It seems 
probable, therefore, that the original invasion of the locality by the 
rust must have occurred some years earlier than 1923. 

From the data secured by these special counts and from the analysis 
of the tabulation in Table 6 the infection histor}^ for this locality may 
be summarized as follows: 

(1) Original invasion probably a few years before 1923. 

(2) 1923. — Very few aeciospores; favorable infection season; infection of x>iiics 
at several points in the area. 

(3) 1924. — Very few aeciospores; unfavorable infection season; negligible 
intensification on pines. 

(4) 1925.“~Very few aeciospores; favorable infection season; apx)reciable 
intensification of infection on pines. 

(5) 1926. — Great increase of aeciospores resulting from sporulation of the 
cankers of the infection of 1923; unfavorable infection season; considerable 
intensification on pines.® 

(6) 1927. — Great majority of 1923 cankers produced aeciospores; aeciospore 
production probably doubled or trebled that in 1926; very favorable infection 
season; great intensification on pines. 

(7) ifes. — Another large increase of aeciospore production as a result of 
beginning of sporulation on cankers of 1925 origin; favorable infection season; 
further heavy intensification on pines. 

From the foregoing analysis it is evident that the application of the 
relationship of arrangement is essential to any determination of 
infection years where cankers of successive infection years are mixed. 
Pennington has stated that — 

when a large number of cankers of approximately the same stages of development 
are found distributed through the internodes of three or four successive years, it is 
practically certain that infection resulted from exposure in the last of these years. 


9 As a result of the heginnimg of sporulation of the cankers of 1923 origin the number of aeciospores pro- 
duced on the area must have been increased many hundredfold over that in 1925. Although the intensi- 
fication of infection of pines in 1926 was about five or six times greater than that of 1925, the fact that it was 
much less than might have been expected from the increase of aeciospores and the opportunities for infection 
of Ribes on the area indicates that Infection conditions in 1926 were unfavorable. 

10 Pennington, L. H. Op. cit., p. 596. 

174231—33 2 
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The application of the method of determining the age of the cankers, 
as reported in this paper, to similar distributions shows that in general 
this is true ; but one would be at a loss on this basis to determine the 
infection years when, as is commonly the case, the distribution 
normally cowers internodes of five years or when the cankers of two 
infection years are mixed. Even when the cankers found are con- 
fined to growths of only four years, such mixtures may occur, as is 
indicated from the analysis of column 7 of Table 6. A comparison 
with the distribution pattern is therefore necessary for accurate diag- 
nosis in any case. Where the infection years are as badly mixed as 
those in Table 6, such a comparison constitutes the only means of 
differentiation. With its aid it is possible, even in such cases, to 
obtain a good picture of the heavy infection years and of the history 
of the progress of the rust on pines. 

SUMMARY 


Finns monticola, in its natural range in the Pacific Northwest, 
generally casts most of the needles of any one year at the end of the 
fourth season, although some are held five seasons and a few may 
persist for as long as eight seasons. Since Cronartium ribicola 
infects its aecial hosts through the needles, infection in any season may 
conceivably find entrance to the bark on internodes up to 8 seasons of 
age but wdil necessarily enter chiefly on those of the last four seasons. 

Conditions favorable for heavy pine infection in the Pacific North- 
west are generally limited to a short period in any season and occur, 
on an average, about one season out of three. Heavy infection of 
pines in any year and locality usually becomes manifest in a more or 
less distinct wave of incipient canker formation in the second season 
following the season of infection. The cankers of any year of infection 
show a highly characteristic numerical relationship in their propor- 
tional distribution on the growffhs, or internodes, of different years. 
The characteristic relationship may be summarized as follows: 

Growth affected 

a. Growth of the season of infection 

h. Growth 1 year older than a 

c. GrowUh 2 years older than a 

d. Growth 3 years older than a 

e. Growth 4 years older than a--- _ 

/. Growth 5 years older than a 

g. Growth 6 years older than 

h. Growth 7 years older than a 


Number of cankers 

Relatively few. 

Greatest number 

Considerable 

number 

Relatively few, 

Ver^^ few. 

Exceptional. 

None. 

None, 


Jarge 

'majority. 


^ Thirty-two sample cnunts, totaling 5,879 cankers from distinct 
infection waves of five different years in 14 different places, showed the 
following scale of distribution for the total: 

Percentage 

Growth of cankers 



10 -^ 
53 + 
31 + 
5+ 
0.5- 
Trace. 


0 

h 0 
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In the individual counts, h and c together had consistently 80 to 90 
per cent of the cankers, with much the largest percentage (usually 
more than 50 per cent) on h. The percentages on a and (/ were 
relatively small, a generally having the larger. The percentages on 
older growth were almost negligible. 

A comparison of the typical distribution pattern with comprehen- 
sive sample records of cankers classified according to stage of develop- 
ment and year’s growth affected will generally permit an accurate 
determination of the main infection years and provide a reliable 
guide to the progress of the rust on pines in any infection area. 

Although incipient canker formation from a given year’s infection 
is normally concentrated in the second season after that of infection, 
it may carry over extensively into the third season. This frequently^ 
results in an overlapping in the formation of the cankers and the 
consequent intermixture of cankers of two successive infection years 
under one classification in stage of development. Since the rate of 
development of the indi\ddual cankers varies, this intermixture of 
cankers becomes more common as development advances. The 
application of the distribution pattern is therefore essential for the 
accurate determination of infection years. 




SOME STORAGE AND TRANSPORTATIONAL DISEASES OF 
CITRUS FRUITS APPARENTLY DUE TO SUBOXIDATION/ 

By Ray Nelson ^ 

Research Associate in Plant Pathology^ Michigan Agricidtural Experiment Station 

INTRODUCTION 

Before the investigations of Powell (15),^ Stubenraiiclij Ramsey and 
Tenny (20) ^ and Ramsey (16) shipments of citrus fruits were subject 
to the hazard of excessive decay by fungi, especially of the Penicilliiim 
type. Rigid application of the principles adduced by these investi- 
gators has reduced to a minimum the losses from fungous decays 
formerly so excessive in transcontinental shipments. The need for 
further information concerning a group of diseases affecting oranges 
and grapefruit is frecpiently emphasized by the conspicuous deteriora- 
tion that occurs in storage and transportation in the absence of fungous 
decay. These diseases, unlike the fungous rots, can not be traced to 
improper handling of the fruit, for they often occur in shipments 
handled under careful supervision, and in the highest quality brands. 

Prior to investigations begun at Michigan State College in 1919, 
observations during 1917“18 of hundreds of cars of oranges and grape- 
fruit from California, Florida, and Cuba at the Chicago, New Orleans, 
and Memphis terminals revealed the importance of these diseases. 
These observations were subsequently extended by numerous in- 
spections of shipments at Detroit from 1919 to 1921. This paper 
presents the results of experiments on the effect of environmental con- 
ditions on the incidence of these blemish diseases, and some tests with 
chemicals and oiled WTappers in the production and prevention of 
these diseases. 

The major part of this investigation pertains to storage spot or 
^^pox’’ disease of orange and grapefruit. Some observations and 
experiments are included on brown spot of navel oranges and brown 
stain, a disease affecting oranges mainly in cold storage and marine 
shipments. 

EARLIER OBSERVATIONS 

That citrus fruits are inherently subject to deterioration iinder 
cold-storage conditions was determined by comparatively early inves- 
tigations. Stubenrauch (19) observed that oranges showed external 
evidence of deterioration in the form of brown spots, pits, and stains 
after four weeks in cold storage at 32°”42° F., but that no disease 
developed at 60°-65° in cellar storage. 

1 Received for publication Oct. 3, 1932; issued May 1933. Journal Article No. 101 (n. s.) from the 
Michigan Agricultural Experiment Station. 

2 The writer is indebted to Dr. E. A. Bessey for a critical reading of the manuscript and translation of the 
Italian reference. 

3 Reference is made by number (italic) to Literature Cited, p. 712. 


Journal of Agricultural Research, 
Washington, D. C. 


( 695 ) 


Vol. 46, No. 8 
Apr. 15, 1933 
Key No. Micb.-20 



696 


Journal oj Agricultural Eesearch 


Vol. 46, No. 8 


Brown spot of Washington navel orange was first described by 
Smith (17, p. 47-4S), but Coit (2) conducted the first extensive inves- 
tigations; which, however, failed to disclose the nature and cause of 
the disease. Later observations by Smith and Smith (18, p. 1143- 
1143) confirmed the previous conclusions concerning the noiiparasitic 
origin of brown spot, but marked no advance in the actual knowledge 
of the nature and cause of the blemish. 

Kamsey (16) observed the deterioration of citrus fruits in cold 
storage and recommended the employment of temperatures consid- 
erably above 32° F. ; that is, for oranges, 38°-40°; for lemons, about 
42°; and for grapefruit, 45°~50°. He noted particularly the develop- 
ment of brown stains and spots on oranges at 32° and a serious spotting 
of grapefruit at the same temperature. 

In a study of the changes occurring in Florida grapefruit in storage, 
Hawkins and Magness (§) found that a pitting of the rind developed 
at 40° F. or lower. Hawldns (7) determined that the amount of 
pitting could be greatly reduced by storage for one to three weeks at 
70°. Later Hawkins and Barger (8) recommended treatment with 
kerosene-stove gas as a partial control of pitting. 

Some transportational and storage diseases of vegetables were 
described by the writer (IS) and showm to be due to oxygen defici- 
encies, and some surface blemishes of citrus fruits were similarly 
classified. 

In their investigations of citrus fruit exported from vSoutti Africa, 
Thompson, Putterill, and Hobson (22) found it necessary to employ 
temperatures above 43° F. to prevent brown stain on oranges. 

The earlier observations and experiments have shown that brown 
spot, brown stain, and storage spot are diseases associated with fruit 
stored at low temperatures or under conditions of poor ventilation. 
Although these three blemishes are seemingly distinct maladies, it is 
evident that they are closely related and are to be classified with a 
group of disorders among which apple scald is the classic example. 
The breakdown of citrus fruits at low temperatures is not a unique 
response limited to citrus. Tropical plants in general are apparently 
more subject to cold injury than those grown in ternperatre regions. 
The spotting of tropical and some other plants when shifted from warm 
to cold conditions has been noted by several investigators (Molisch 
{12)] Harvey (6)). A progressive increase in the permeability of the 
cells of the endocarp of the orange has been shown by Pantanelli (14) 
to occur at low temperatures and indicates the injurious effect of cold 
on the protoplasm of citrus fruits. 

ECONOMIC IMPORTANCE 

Since browm spot, storage spot, and brown stain are diseases that 
do not cause decay, but merely spoil the appearance of the fruit and 
consequently lower the grade, the actual monetary losses traceable 
to these blemishes are diflicult to estimate. In some seasons the 
aggregate losses from these diseases to producers and handlers of 
citrus fruits represent a sum too large to be disregarded. Fruit 
shoving the effects of these blemishes is not only reduced in value 
out also may influence the general mai'ket prices for sound fruit. 
A few cars of spotted oranges or grapefruit arriving at a terminal 
may quickly depress prices and impede sales. 
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As early as 1909, Coit ( 2 ) observed the serious effects of brown spot 
on navel oranges in transcontinental shipments. He cited, a depre- 
ciation of $307.20 in a car shipped from Riverside to Chicago on 
December 5, 1909, which on arrival there \vas diverted to Boston. 
The development of brown spot or storage spot in this car while 
moving from Chicago to Boston reduced the market value of the fruit 
50 per cent. The total elapsed time from picking to sale was three 
weeks. 

Just after Thanksgiving in 1920, the writer saw two cars of Florida 
grapefruit and 500 cases of navel oranges sold at the Detroit terminal 
for shghtly more than transportation charges. All of this fruit 'was 
affected with storage spot. (PI. 1.) Fruit arriving through December 
and into January of the same season was severely spotted but later 
little or no disease was apparent until April, when some shipments 
were again badly affected. Similar examples might be cited for other 
terminals and seasons. 

Oranges affected with brown spot and oranges and grapefruit 
showung the effect of storage spot have been observed each year on 
the Lansing and Detroit markets. Usually fruit shipped during 
November and December is most seriously affected, but sometimes 
summer and late-season shipments are badly spotted. (Pis. 1, C; 
2, D.) Although spotted fruit may be observed on the markets each 
year, seasonal variations in the incidence and severity of the blemishes 
influence the conspicuousness and consequent decline in the value of 
the fruit. 

Fawcett and Lee (S) reported much cold-storage spotting in eastern 
markets during July and August 1924, on grapefruit held in cold 
storage for 5 to 12 weeks. Bratley ^ observed that California Valencia 
oranges arriving on the New York market in 1931 were more severely 
affected with spots and pitting than during previous years. 

SYMPTOMS 

STORAGE SPOT OR POX 

The first symptom of storage spot on citrus fruits is the occurrence 
of slightly sunken spots of variable size over the surface of the fruit. 
(PL 3, B.) Inspection shows, in most cases, that the cells surrounding 
the oil glands are the first to be involved, these cells collapsing and 
leaving the oil glands standing out in relief above the sunken tissue. 
(Pis. 4, E; 3, B.) The lesion may increase in size for 24 hours or 
more, but usually its limits are determined by the initial collapse of 
the cells after exposure of the fruit to conditions favorable for the 
production of the disease. The spots may be so small that the area 
of collapsed tissue embraces only the cells surrounding a single oil 
vesicle, or the lesions may be several centimeters in diameter. (PL 1, 
B.) Often the diseased areas exceed one-half the surface of the fruit. 
(PLl,BandC.) 

The lesions at first are typically angular (pis. 1, C; 3, B), but 
eventually they assume a more or less circular outline (pL 1 , A and B). 
Secondary extension by fungi of a newly formed lesion seldom occurs, 
but old spots are sometimes invaded. As the lesions age the oil 


* Bratley, C. 0. new york market pathology notes. U. S. Dept. Agr., Bur. Plant Indus. Plant 
Disease Rptr. 15:133. 1931. [Mimeographed.] 
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glands also collapse through desiccation of the adjacent cells, forming 
a depressed area with a sharply defined, darker border. The oil 
vesicles, when fully dried out, are sometimes more deeply sunken than 
the adjacent parenchyma cells. (PI. 1, B.) In exceptional cases the 
cells over the oil glands are first affected and become depressed below 
the surface level of the fruit before the surrounding cells collapse. 

The affected tissue is colorless at first but gradually changes to 
various shades of brown. The most common color of the grapefruit 
lesion is russet vinaceous.^ On oranges the spots show a greater 
variety of color gmdations, usually ranging from Natal brown to 
several vinaceous tints. The lesions are darker in the early-shipped 
fruit, and the color becomes less intense as the season advances until 
on spring and summer, shipments of grapefruit and late shipments of 
navel oranges the spots may be almost colorless. (PL 1, C.) The 
lesion is always more deeply colored at the border, but this may not 
be apparent in the early stages of development. The darker ‘color 
of the border is usually some shade of purple. 

When examined in refrigerator cars, oranges and grapefruit may 
show no evidence of pitting, but if delay has occurred in transit or the 
fruit has been left in the car for some time after arrival, spotting may 
become evident. In cars frequently diverted breakdown may increase 
greatly in amount and severity and the fruit be seriously reduced in 
value before it reaches the market. Fruit held four to* eight weeks 
at temperatures close to 32"^ F. develops characteristic lesions while 
still in storage. Unlike apple scald, which does not complete its 
development until the fruit is removed to a warm place, storage spot 
may become evident in two to four weeks, but the color typical of 
the lesions does not always develop until the fruit is removed to a 
higher temperature. 

Histologically the changes that occur in the affected areas have 
their origin in the collapse of the parenchyma cells that surround the 
oil vesicles. The anatomical features of the normal peel are shown in 
Plate 4, A, and the general appearance of sections through storage-spot 
lesions on grapefruit are illustrated in Plate 4, B-D. The initial 
collapse of the active parenchyma cells around the oil glands is 
followed by the gradual desiccation of the affected cells and the 
formation of a depressed lesion. The edges of the lesions are bordered 
by a zone of deeper-colored cells also in a state of collapse. (PI. 4 
C and D.) In these cells there is a pigment that is absent from the 
other portions or is present in smaller quantities. 

BROWN SPOT 

In general, brown-spot lesions on navel oranges do not, in the final 
stages, differ greatly from those of storage spot. Usually the lesions 
of brown spot are shallower, more pniformly circular in outline, deeper 
in color, and limited to thin-skinned navel oranges. Brown-spot 
and storage-spot lesions have been produced on the same orange under 
the same experimental conditions. (PI. 3, C.) Unquestionably, 
storage spot has frequently been confused with brown spot, and the 
greater susceptibility of those navels with smooth thin skins to both 
of these disea ses has made distinction difficult. In general, the 

fiRiDGWAY, R. COLOR STANDARDS and COLOR NOMENCLATURE. 43 p., illus. Washington, D. C. 1912. 
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PLATE 1 



A, Florida grapefruit affected with storage spot which developed in transit. Collected March 30, 1920. 
B, Florida grapefruit showing a severe form of storage spot which developed in transit. Collected at 
Detroit terminal December 12, 1920. C, Florida grapefruit affected with storage spot which developed 
in cold storage. Collected July 1931. The borders of the lesions are not so dark in color as they 
usually are on fruit affected earlier in the season. D, Texas-grown, Marsh Seedless grapefruit affected 
with storage spot. Collected March 2, 1930. 
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PLATE 2 



A, Washington navel orange affected with brown spot at the stem end. Collected at Detroit, 1911). 
B,AVashington navel orange affected with brown spot. Collected at Detroit, March 1920, C, Wash- 
ington navel orange affected with storage spot. Specimen from a late shipment, June 1, 1926. Sometimes 
very ripe and old oranges and grapefruit are severely affected with this disease but usually immature 
fruit is more susceptible. D, Valencia orange showing the effect of storage spot. November 2, 1928. 
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Plate 3 



A, Storage-spot lesions produced on Wasliington navel orange by storage in nitrogen for 13 days at room 
temperature. Thirty-minute aerations with nitrogen were given on 6 successive days. April 2, 1920. 
B, Washington navel orange held in open basket in cold storage for 109 days at a temperature of 34°-36® F. 
The fruit was green skinned when stored but gradually assumed a yellow color in storage and at the 
time of removal, April 23, 1929, was normal in appearance. Typical lesions of storage spot developed 
after 2 days at room temperature. C, Washington navel orange stored in nitrogen at room tempera- 
ture for 7 days. Brown-spot and storage-spot lesions developed after 3 days in air. D, Break- 
down produced on Washington navel orange by storing in oxygen-free air for 4 days. The oxygen 
was removed from the storage jar with chemicals. March 1920. E, Lesions resembling those of brown 
spot produced on Washington navel orange by a short exposure to the vapor of acetaldehyde. January, 
1932. E, Brown stain on Washington navel orange produced by exposing the fruit to the dilute vapor 
of citral. Similar but less pronounced injury follows exposure to vapors of various acetates. 



Section through the normal peel tissue of grapefruit. X 25. B, Section through a storage-spot lesion on grapefruit. The cells have collapsed and form 
a compressed layer of disorganized tissue. X SO. G, D, Sections through storage-spot lesions on grapefruit. The collapse of the parenchyma cells 
and the darker colored border of the lesion is evident. X 25. E, Surface view of a storage-spot lesion on grapefruit in an early stage of development. 
The cells surrounding the oil vesicles are affected, but no collapse of the oil glands has yet occurred. X 8. 
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storage-spot disease is distinguished from brown spot by the more 
angular outline, deeper penetration into the peel, and lighter color 
of the lesions. Since, however, the color changes depend on the 
season and other variable factors, no distinctive color tones can be 
assigned to the lesions of either disease. 

The brown-spot lesions, like those of storage spot, occur most 
frequently at the stem end of the fruit. This is particular^ true 
of fruit shipped after the period of greatest susceptibility. Some- 
times a few small lesions at the stem end represent the extreme 
development of the disease in a season. In other years the disease 
develops much more seriously and the fruit is badly disfigured by 
numerous spots over the surface. 

. As pointed out by Coit (^), the color of the lesions varies with the 
season. In some years the spots are dark brown to black and in 
others they are much lighter. The wTiter has found that as the season 
advances the spots become lighter in color, but occasionally fruit is 
observed in January or later on which the spots are almost black at 
the stem end. (PI. 2, A.) The deeper color of the lesions of brown 
spot on fruit grown in the interior valleys and the lighter color on 
fruit from the coastal regions, reveals the extreme variability that 
may be found in the color of the spots on oranges after they reach 
the markets. 

BROWN STAIN 

Brown stain is a surface blemish of oranges occurring on fruit in 
storage, occasionally being evident also in shipments that have been 
long delayed. It is an important disease at low temperatures in 
marine shipments of oranges which are in' transit for more than three 
weeks. It has been troublesome on export fruit from South Africa 
and has been observed on oranges held in storage for several weeks at 
temperatures below" 40° F. The disease is manifest as a browm stain- 
ing of the skin or flavedo, and in the beginning is unaccompanied by 
any depression of the surface cells. The color of the affected area 
is usually dark brown,^ closely approximating the Natal brown or 
cinnamon brown of the brown-spot lesions. This blemish is probably 
closely related to adustiosis or red-blotch disease of lemon and show"s 
many similarities to apple scald. In the later stages, after the fruit 
has been exposed to drying for some time, the affected tissue is 
leathei'y and shriveled and the oil glands are slightly sunken below 
the level of the surrounding cells. Except in severe cases, there is no 
marked depression or pitting such as characterizes the lesions of 
brown spot and storage spot. 

EXPERIMENTS 

EFFECT OP OXYGEN 

The experimental work on the artificial production of the diseases 
that have been described was begun in 1919. The first experiments 
were planned in conjunction with work being done on some related 
diseases of cabbage and other vegetables. The conditions under 
which the citrus diseases developed in transit and storage and the 
success that had been attained in reproducing the vegetable diseases 
in the laboratory, led to the inclusion of some experiments with 
oranges and grapefruit under conditions which had been effective in 
producing black-leaf speck of cabbage. 



700 


Journal of Agricultural Research 


Vol. 46, No. S 


The first experiments consisted in storing oranges and grapefruit 
in large, air-tight jars with suitable connections so that aerations 
could be given with nitrogen or other gases. Breakdown as siiiiken 
colorless lesions, later turning brown developed on both grapeiTuit 
and oranges stored for four days in nitrogen with the gas content 
of the storage jars changed every 24 hours. With some variations 
the first experiments were repeated a number of times with similar 
results. In cases in which the oxygen was removed from the storage 
jars with pyrogallic acid and sodium hydroxide, fruits left in the 
jars for seven days or more developed spots in the peel similar to 
those observed on fruits in the market. On oranges the lesions 
were very similar to those of brown spot and storage spot, while on 
grapefruit they resembled the spots on blemished fruit from refrigera- 
tor cars and cold storage. 

Experiments devised to determine the conditions under which 
breakdown could be produced were resumed in December, 1920. 
On December 8, fully colored grapefruit, Valencia oranges, Califor- 
nia navel oranges, and lemons were stored in large, closed glass 
chambers of 12-liter capacity. Outlets to the storage jars were 
connected with tanks of nitrogen and the air in the jars was displaced 
with this gas. Aerations of 30 minutes duration were given daily 
with nitrogen, thus effecting a complete change of the gas in the jar. 
The oranges were stored at room temperature and also in the refrig- 
erator at approximately 50^ F. After seven days, all of the jars 
were opened and the fruit was held at room temperature for three 
days. The results of this test, which are similar to those obtained 
in other tests are given in Table 1. 


Table 1. — Effect on citrus fruits of storage in nitrogen for seven days at different 

lemperatures 


[Fruit kept in air-tight jars; nitrogen changed daily] 

Lot No. and kind of 
fruit 

Tempera- 

ture 

Results 

1, oranges . 

70 

Slight pitting evident on fruits before removal from jars; when exposed 
to air all fruits developed numerous sunken spots w'hich gradually 
became Natal-brown in color. 

Fruits developed sunken brown spots on exposure to air; spots 1-2 cm in 
diameter, irregular border, Natal-brown color. 

Pitting visible on the fruits after 3 days in jars; very numerous after 7 
days; small pits involving only small area around oil glands; border of 
the spots irregular; spots more numerous at stem end; hydrangea-red 
color after 3 days at room temperature. 

All fruits developed deeply depressed spots in the peel; l~2cm in diame- 
ter, colorless at first, pale vinaceous after 3 days. 

j 

2, oranges 

50 

3, grapefruit.- - 

70 

70 

4, lemons. 




When the oranges were removed from the storage jars only a few 
lesions were visible in the peel, but after exposure to air, pitted areas 
developed over the surface. The lesions were colorless at first but 
within 24 hours the affected areas were cinnamon brown, (PI. 5, 
C, u.) The spots were sharply sunken and the oil glands had collapsed 
a,lso. On some fruits, brown scalded areas were evident. The scalded 
tissue gradually dried out and the affected areas finally appeared on 
the peel as mlightly depressed, Natal brown spots. Small sunken 
spots were visible on the grapefruit after three days in the storage jar, 
and after seven days the number and size of the lesions had greatly in- 






A, Lesions of the storage-spot disease on lemon collected December 3, 1923. B, Breakdown in the form 
of sunken lesions produced on lemons by storage in nitrogen atmosphere for 5 daj^s at room temper- 
ature, C, Brown spot of Washington navel orange (6) on fruit collected January 4, 1920» and similar 
lesions produced on thin-skinned navel orange (a) by storing in nitrogen for 7 days. The gas in the 
storage jar was changed daily by a 30-minute aeration with pure nitrogen. D, Brown-spot lesions 
occurring on Washington navel orange after storage in nitrogen for 5 days. December 4, 1920. E, Wash- 
ington navel orange from the check of the same experiment (D) stored in air-tight jar. for 5 days 
and given a daily aeration of 30 minutes with air of normal composition. 


PLATE 6 
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A, Storage-spot lesions developed on green-skinned Florida grapefruit after storage for 7 days at 40° F. 
B, Storage-spot lesions on green-skinned Florida grapefruit stored 10 days in air constantly circulated 
but not renewed. (See Table 3.) The lesions developed before and after removal from the storage jar. 
Experiment begun February 5, 1921. C, Large lesions on green-skipned Florida grapefruit stored in 
air-tight jar for 10 days. Aerations of 30 minutes with nitrogen were given each day. D, Sunken lesions, 
which gradually developed a vinaceous color, produced on grapefruit by exposure to the dilute vapor of 
acetaldehyde and acetic acid. E, Texas grapefruit that has been wrapped in commercial (a) and oiled 
(6) wrappers and stored for 6 weeks at 34°“36° F. Storage spot is severe on a, but b is almost free from 
spotting. F, Texas grapefruit that had been wrapped in commercial (a) and oiled (6) wrappers and 
stored for 7 weeks at 34°-36° F. The fruit from both the oiled and commercial wrappers spotted 
badly. The same results were obtained with fruits from the same shipment stored under identical 
conditions for 10 weeks. 
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creased. The spots were formed by the collapse of the cells siirroimd- 
ing the oil glands. Later the glands also were involved. The lesions 
were not colored when the fruit was taken from the jars but 48 hours 
later they were hydrangea red. The spots varied from 2 mm to 4 cm 
in diameter, and were mostly circular in outline. 

The lemons were affected mth deeply sunken, colorless lesions 
before they were removed from the storage jar. t¥hen the jar was 
opened a strong odor of lemon oil was detected. The spots in the peel 
were 1 to 2 cm in diameter and resembled the lesions of the peteca 
disease. (PL 5, B.) They were colorless when the fruits were taken 
from the jars but after 3 days the affected tissue was pale vinaceous. 

This experiment is typical of others in which early-season ripe 
fruit was used. In practically all cases, breakdown in the form of 
sunken lesions of variable size has followed storage of the fruit in 
nitrogen for 5 to 10 days. Oranges or grapefruit that are still green 
in color are more susceptible to injury than yellow fruit. The reaction 
of green grapefruit to similar storage conditions was tested with some 
market fruit shipped in October, 1921, from the Manatee River district 
of Florida. The fruit was stored on October 21 in large glass jars. A 
stream of nitrogen was blown constantly over the fruits in some of the 
jars; in others the gas was not changed. The result was the same, 
breakdown occurring in the form of sunken colorless spots in the peel 
after three days of storage at room temperature. This represents about 
the minimum time necessary to produce breakdown by storing fruit 
in the most susceptible condition in nitrogen. A much longer period of 
storage is necessary to produce spotting on yellow fruit, and in some 
cases breakdown has not occurred after storage in pure nitrogen for 
seven days. 

In the preliminary tests with oranges, similar results had followed 
storage in nitrogen and in air from which the oxygen had been ab- 
sorbed. The results of a typical experiment with navel oranges 
stored in nitrogen are shown in Table 2. 


Table 2. — Effect of various storage conditions in producing surface hreakdowfi of 
navel oranges in tests at room temper atureSj March 25, 1920 


Lot 

No. 

Method of storing 

Storage 

period 

Results 



Days 


1 

Oxygen absorbed with pyrogallie acid 
and KOH; aerated 30 minutes daily 
with nitrogen. 

4 

All oranges developed sunken, colorless spots 
on exposure to air; spots numerous, variable- 
in size; pecan-brown color after 3 days. 

2 

Same as 1, but aerated l-hour daily with 
nitrogen. 

i 

7 

Sunken, colorless spots visible in the peel 
after 5 days; when removed from the jars 
all oranges developed numerous sunken 
colorless spots over the surface; orange- 
cinnamon color after 3 days. 

3 

Oxygen absorbed with pyrogallie acid 
and KOH; no aeration with nitrogen. 

4 

When removed from the storage jars, all 
oranges developed numerous large sunken 
lesions, formed at first by the collapse of the 
cells around the oil glands; pecan-brown 
color after 3 days. 

4 

Stored in pure nitrogen; gas not changed- 

4 

Lesions similar to those on the fruits from 
jar 3; 1-2 cm in diameter; pecan-brown 
color. 

„ 5 

Stored in pure nitrogen; aerated 1 hour 
daily with nitrogen. 

13 

Fruits severely spotted with large, sunken 
lesions similar to those on fruits in jars 3 
and 4. 

6 

Stored in air-tight jar; aerated 1 hour 
daily with air of normal composition. 

13 

All fruits sound. 

7 

Wrapped with commercial wrappers and 
held in open basket. 

13 

Bo. 
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The reaction of oranges to storage in nitrogen or in air from which 
the oxygen had been absorbed was not different from that of grape- 
fruit under similar conditions. In the jars aerated for one hour daily 
with nitrogen, breakdown was as severe as in others in which the gas 
was not changed. Tests with navel oranges in January, 1932, gave 
similar results. Thin-skinned navel oranges were stored in two l^ge 
glass jars and the air in one was displaced with nitrogen. The fruit 
in the second jar was exposed to a constant stream of nitrogen, which 
resulted in a complete change of the gas in the jar every hour. ^ At 
the end of seven days the oranges were removed from the two jars 
and held at room temperature for three days. No breakdown was 
visible at the termination of the storage period on any of the fruits 
which had been exposed to a constant stream of nitrogen, but typical 
pox lesions developed within three days. Of the fruits from the jar 
in which the nitrogen was not changed, characteristic brown-spot 
lesions were evident on one when the jar wms opened. At the end of 
three days typical storage-spot lesions had appeared on all the fruits. 

The resulls of this and similar experiments indicate that break- 
down occurs when oranges are stored for a short time in air freed of 
oxygen. The period of exposure required to cause injury depends on 
the condition of the fruit. Some tests have been conducted with 
green-skinned navel oranges shipped dhectly to the winter from the 
grove in California. Fruit of this kind breaks down much more 
rapidly under the storage conditions that have been described than 
ripe oranges. These results are in accord wuth many observations 
which have shown that fruit in a slightly green condition is much more 
susceptible to spotting in transit than ripe fruit. 

EFFECT OF AIR MOVEMENT 

In the experiment with oranges and grapefruit stored in nitrogen, 
breakdowm was not prevented by blowing a constant stream of gas 
over the fruit. Brooks, Cooley,, and Fisher (J) have demonstrated 
the beneficial effect of air movement in dissipating the volatile prod- 
ucts of respiration which injure the superficial layers of the cells of 
apples in cold storage. Since apple scald has been well controlled by 
aeration, and also by the use of wrappers which absorb these toxic 
substances, the importance of determining whether or not the- citrus 
breakdown was due to similar causes was early recognized. Some 
experiments on air movement and the use of wrappers impregnated 
with absorbents effective in the control of apple scald were devised 
to determine, if possible, the nature of the citrus diseases. 

The first experiment on the effect of ah movement was carried out 
in September, 1921, with green Isle of Pines grapefruit. The fnut 
was stored in 14-liIer jars, and ah apparatus illustrated in a previous 
publication (IS) was used to chculate the air in the storage chamber. 
The experiment was conducted at room temperature but, owing to 
the warming of the ah by the heat from the motor-driven fan, the 
temperature of the circulating air was approximately 77° F. The 
fruit was left in one jar for 7 days and in the second for 13 days. 
When removed from the first jar at the end of seven days the fruits 
were perfectly normal in appearance, yellow, and free from blemishes . 
After three to five days, small, sunken spots, beginning as a collapse 
of the cells surrounding the oil vessicles, appeared on all the fruits. 
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The spots were 1 to 5 mm in diameter, and although colorless when 
first exposed to the air, they became cinnamon brown within three 
days. There was no off -taste or impairment of the eating qualities 
of the fruit as a result of the storage conditions. 

The second jar was opened at the end of 13 days; at this time some 
of the fruits were already spotted but 3 days later the number and 
size of the lesions had greatly increased. This fruit also compared 
faTorably in flavor with the check fruit ripened in the air of the labo- 
ratory. The development of the spots and color changes were similar 
to those on the grapefruit stored for only seven days. 

A second experiment of a similar nature was started on February o, 
1921, with slightly green grapefruit. The aii* was circulated around 
the fruit but not renewed. In a second jar the fruit was stored in 
nitrogen and the gas changed every 24 hours by a 30-minute aeration. 
The results of this experiment are shown in Table 3. 


Table 3. — Effect of composition and movement of storage air on pitting of grape- 
fruit in tests at room temperature during a 10-day storage period 


Lot 

No. 

Method of storing 

Results 

1 

Air stirred constantly hut not renewed 

Pitting in the peel evident after 7 days. After re- 
moval from jars all fruits developed few to many 
spots; spots hydrangea red after 3 days; fruit 
normal in flavor and color. 

2 

Stored in nitrogen and aerated 30 minutes 
daily with this gas. 

Fruits severely disfigured by sunken areas in the 
peel; evident after 5 days hut developed more 
severely after the fruit wms removed from the 
storage jar: hydrangea red after 3 days. 

3 

In open basket 

All fruits sound, slightly shriveled, yellow. 


Lesions very typical of storage spot appeared on the fruits from the 
jars in which the air was circulated but not renewed. The spots were 
generally small, but on some fruits large areas were involved by the 
collapse of the cells surrounding the oil vesicles. (PL 6, B.) ^ The 
lesions on the fruits stored in nitrogen were much larger, consisting of 
sunken areas which included the oil glands as well as the adjacent 
cells. These lesions were visible on the fruits before they were 
removed from the storage jar but were colorless until exposure to the 
air of the laboratory caused color changes similar to those previously 
described. 

Although in these experiments a continuous circulation of the air in 
the storage jars did not prevent the development of breakdown, it is 
not to be concluded that under conditions more nearly like those pre- 
vailing in storage and transportation, air movement would not have 
a beneficial effect. In these jars the temperature was niuch higher 
and the relative volume of fruit per unit volume of air much in 
excess of that to which citrus fruits are usually exposed in storage and 
transportation. 

EFFECT OF TEMPERATURE 

In the preceding experiments all of the tests except one were car- 
ried out at room temperature. To determine the effects of low 
temperature on grapefruit, a case of green Florida fruit was purchased 
in November, 1925, and stored at various, temperatures, ^ In general, 
all the fruit used was green-mature but some variation in color was 
unavoidable. The storage conditions and temperatures employed 
are indicated in Table 4. 
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Table 4. — Effect of temperature on the development of storage spot or pox on green- 
skinned grapefruit stored by different methods for varying periods 


Lot 

No. 

Xlethod of storing 

Temper- 

ature 

Storage 

period 

Results 

1 

In wooden box with closely fitting 

° F. 
31-33 

Days 

22 

A few fruits pitted at time of removal from 

2 

i lid. 

In riditer, air-tight glass jar 

40 

17 

storage; within 2 days after removal from 
storage every fruit affected with typical 
storage spot. 

All fruits affected with typical storage- 

3 

In open basket, 

31-33 

22 

spot disease within 2 days after removal 
from storage. 

Fruits badly spotted within 24 hours after 

4 

do 

40 

17 

removal from storage. 

Do. 

5 

do 

70 

17 

All fruits sound. 

6 

do 

50 

42 

Do. 


As Table 4 shows, the fruits stored in open baskets or in closed 
jars spotted badly at the lower temperature. There was no deficiency 
of oxygen in the air of the storage rooms at any of the temperatures 
employed. In the 31°-33° F. room absence of other living material 
precluded the possibility of the oxygen content of the air being re- 
duced. In addition, the doors of this room were opened at frequent 
intervals during the day for the removal of dairy products. Despite 
the abundant supply of oxygen in the air, the fruits in open baskets 
spotted as badly as those in the closed containers. Since the grape- 
fruit in the open baskets were not wrapped, free movement of air 
around each fruit was not prevented. At both 50° and 70° no spot- 
ting developed on any of the fruits. 

Although the results of the experiments on air movement, tem- 
perature, and aeration with nitrogen indicate that spotting of grape- 
fruit is not produced by any volatile substance acting at the surface 
of the fruit, there is not excluded the possibility that a slow, cumu- 
lative adsorption of such substances at low temperatures may cause 
this type of injury. Whatever the cause of the injury may be, the 
tolerance of green fruit to cold is very low compared to "that of apples. 
Spotting occurred in one case on green fruits after only seven days 
storage at 40° F. (PL 6, A.) 

INFLUENCE OF MATURITY 

In some of the experiments described it was noted that green fruit 
WYES much more susceptible to injury at both high and low tempera- 
tures than ripe, yellow fruit. Coit (2) noted the greater susceptibil- 
ity of early picked oranges to brown spot, and Hawkins and Magness 
(9) observed that grapefruit were most susceptible to breakdown in 
cold storage inimediately after picking. To compare the resistance 
of green and ripe fruit some tests were made in November, 1925, with 
Florida grapefruit. Two cases of grapefruit from the same shipment 
were obtained. One lot was green in color and the other had the 
normal yellow color of ripe fruit. Uniformly green and fully colored^ 
fruits were selected and stored as indicated in Table 5. 
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Table 5. Influence of maturity on the susceptibility of grapefruit to breakdown, at 
various temperatures when stored for different periods of time 


Color of fruit 


Method of storing 


Temper- j Storage 
ature j period 


Results 


Green. 


Tightly closed wooden box..! 


Do Air-tight glass jar. 

Do...... — Open basket 


Do. 

Do. 


-do- 

-do. 


Yellow. 

Do. 

Do. 

Do. 


do. 

■do. 

■do. 

.do. 


°F 

31-33 

Days 

22 

All fruits .spotted after 48 hours at room 

38-42 

17 

temperature; an occasional fruit was 
already spotted when removed from 
storage. 

i Spotted after 3 days at room temper- 

31-33 I 

22 

atm’e. 

AH fruits spotted within 24 hours at 

38-42 

17 

room temperature. 

Spotted after 2 days at room temper- 

70 

17 

ature. 

AH fruits sound, yellow in color, and 

31-33 

28 

slightly shriveled. 

AH fruits sound. 

38-42 

17 

Do. 

31-33 

42 

Do. 

48-52 

42 

Do. 


The maximum period of storage for the green fruit was 22 days^ 
but one lot of the yellow fruit was left for 42 days at the lowest tem- 
perature. In a*l cases green fruit stored at and 3S°-42° F. 

became spotted before or shortly after removal from storage. At the 
lower temperature some of the fruit spotted while still in storage, but 
most of the spotting occurred after exposure to the warm air of the 
laboratory. At the end of 42 days, the yellow fruit stored at 31°-33° 
was still sound and remained so after exposure to warm conditions. 

In experiments with other lots of grapefruit, results similar to these 
were obtained. Fruit that is mature and fully colored is compara- 
tively resistant to storage spot. This is more especially true of mid- 
season shipments. Fruit that is fairly well colored but picked early 
in the season seems to be more susceptible than similarly colored 
fruit picked later. According to legal standards, grapefruit and 
oranges with green skins may be shipped if they contain sufficient 
sugar and the acid content is low enough. In these shipments, which 
often arrive at destination in a green condition, breakdown is fre- 
quently very severe. Both grapefruit and oranges of midseason and 
late shipments are ordinarily fully colored and mature and usxially 
are not seriously affected with storage spot. 

Some exceptions have been observed where storage spot has 
developed severely on ripe and very old fruit. Similar exceptions 
to the rule that immature apples are more susceptible to apple scald 
have been noted by Brooks, Cooley, and Fisher (if) . 

EFFECT OF OILED AND WAXED WRAPPERS 

The beneficial effect of oiled wrappers in the control of scald on 
apples in cold storage suggested the possibility that the use of these 
might prevent the spotting of citrus fruits in transportation and 
storage. The first wrappers tested were prepared by treating the 
ordinary commercial wrappers with oilve oil, beeswax, and cocoa 
butter according to the method used by Brooks, Cooley , and Fisher ( 1 ) . 
In a test conducted in 1920, grapefruit and oranges wrapped in the 
prepared wrappers and stored in nitrogen at room temperature for 
12 days spotted badly when exposed to the air. 
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In 1924 tlie writer obtained some commercially prepared oiled 
wrappers tliroiigli tlie courtesy of D. F. Fisher of ^ Wenatchee, Wash. 
These wrappers carried about 12 per cent of mineral oil and were 
effectiYe in preventing apple scald. An early shipment of Indian 
River grapefruit obtained October 14, 1924, was used for the first test. 
The fruit was slightly green and had a smooth, fine- textured skin. 
Since no cold-storage facilities w^ere available, the fruit was stored 
only at room and ice-box temperatures. The results of this test are 
shown in Table 6. 

Table 6. — Effect of oiled wrappers on the spotting of grapefruit, when stored for 

different periods of time 


Lot 

No. 

Method of storing 

Temper- 

ature 

Storage 

period 

Eesults 



° F. 

Days 

All fruits spotted 2 days after exposure to air 
at room temperature; spots small and few 
in number. 

1 

Wraxxped in oiled wrapi^ers; 
stored in air-tight jars. 

70 

10 

2 

Wrapped in commercial wrap- 
pers; stored as in 1. 

70 

7 

All fruits slightly spotted after 3 days at 
room temperature. 

3 

Unwrapped; in open basket 

70 

10 

All fruits sound. 

4 

Wrapped in oiled wrappers; in 
air-tight jar. 

50 

8 

Do. 

5 

Wrapped in oiled wrappers; 
fruit stored in open baskets. 

50 

10 

Do. 


At room temperature the oiled wrappers were ineffective in pre- 
venting spotting of the fruits in closed jars. Analyses made every 
24 hours of the gas content of the jars kept at room temperature 
showed that the oxygen was rapidly depleted. After 64 hours only 
1,5 per cent oxygen remained in the jars, and after 108 hours no test 
for this gas could be obtained by the method used (Ganong {5 )) . At 
the lower temperature no breakdown developed on any of the fruits, 
either in the air-tight jars or in open baskets. The storage period 
was too short at this temperature to cause breakdown, although in 
some earlier tests, green-skinned fruits had become spotted in seven 
days at temperatures slightly above 32° F. 

Florida grapefruit wrapped in commercial and oiled wrappers and 
stored for six weeks, beginning January 13, 1932, at temperatures of 
34°"38° F. became slightly spotted after removal from storage. None 
of the fruits in either kind of wrapper was seriously spotted. On 
March 1, 1932, a second experiment with tlie oiled wrappers was 
started in which mature, fully colored. Texas-grown Marsli Seedless 
grapefruit were used. One lot was stored at 34°”-36° for 6 weeks; a 
second lot was stored at 34°~38° for 7 weeks, and a third lot was 
stored at 34°~38° F. for 10 weeks. Fruits wrapped with the ordinary 
imoiled commercial wrappers were stored imder the same conditions. 
The oiled wrappers reduced the amount of spotting on the fruits 
stored for 6 weeks at 34°-36° (pi. 6, E), but those stored for 7 weeks 
at 34°-38°F. spotted as badly in the oiled as in the commercial wrappers 
(pi. 6. F). The oiled wrappers had no apparent beneficial effect on 
the fruits held for 10 weeks at the same temperature. 

In December, 1925, navel oranges wrapped in the commercial 
unoiled wrappei*s and the same brand of oiled wrappers that were 
used in the grapefruit experiments were stored for 45 days at 34°-“38° F. 
The first spotted fruits were found in the oiled wrappers after 34 days 
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of storage; after 45 days all the fruits were removed from storagCj 
unwrapped, and held for 3 days at room temperature. None of the 
oranges had spotted badly, but those from the oiled wrappers were 
in no better condition than those from the commercial wrappers. 

Inn similar experiment with navel oranges wrapped in both eoni- 
mercial unoiled and oiled wrappers and stored January 13, 1932, at 
34°“38° F. for 47 days slight spotting developed on all the fruits from 
both the oiled and the unoiled wrappers. There was slightly more 
spotting on the fruits from the unoiled wrappers, but the difference 
did not appear to be significant. 

The favorable influence of the oiled wrappers in some of the grape- 
fruit experiments warrants further trials of this method, with wrappers 
of higher oil content and fruit freshly picked from the trees. It is 
possible that these wrappers might delay the appearance of the disease 
in early shipments of grapefruit and oranges. Friend and Bach (J) 
have recently reported beneficial results from waxed wrappers on 
Texas grapefruit in cold storage. 

EFFECT OF CHEMICALS 

The discovery by Brooks and his associates that certain volatile 
emanations of apples are the probable cause of scald in storage marked 
a milestone of progress in the search for methods of controlling this 
very serious disease. The results obtained in the experiments con- 
ducted to produce scald under laboratory conditions influenced the 
writer to test various chemicals for their effect on citrus fruits. These 
experiments, like the preceding, were conducted with fruit that was 
not especially favorable for experimentation. It is believed that the 
results would have been more decisive had the fruit been in the most 
susceptible condition. 

Recent investigations by Klotz (fO), of red blotch, and peteca of 
lemon, diseases that develop in the curing house where ventilation is 
poor, have shown that these blemishes are probably caused by the 
action of toxic substances produced in the respiratory processes of the 
fruit. Touching the fruits with a number of esters or injecting small 
amounts of citrus oils under the flavedo produced lesions typical of 
these two diseases. 

Various substances besides a number of aldehydes, esters, and 
alcohols tliat are concerned in the chemistry of citrus, were used in 
attempts to simulate the efl’ects of brown stain, brown spot, and storage 
spot on oranges and grapefruit. The chemicals tested included acetal- 
dehyde, acetic acid, citral, citronellal, geraniol, methyl antliranilate, 
linalool, d-limonene, ethyl acetate, methyl acetate, amyl acetate, and 
octyl acetate. The method used was to expose the fruit in closed 
vessels to the chemical in a vaporized condition. One to two milli- 
liters of the chemical to be tested was poured in the bottom of an 8 to 
12 liter desiccator and the fruit was placed on supports a few inches 
above the concentated material. The desiccators were kept at room 
temperature or in the refrigerator at 40° F. The period of exposure 
varied from 2 to 24 hours, depending on the condition of the fruit, the 
temperature, and the concentration of the chemical. 

The experiments were repeated a number of times, and so far as 
possible with fruit in diflWent degrees of susceptibility. The results 
have been fairly consistent, with no extremes of variation, except in 
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degree of iiijniy due to period of exposure, coiicenlration of chemical, 
or condition of the fruit used. Green fruit has shown the greatest 
sensitiveness to injury from the chemicals tested, and there is ap- 
parently a progressive decrease in this sensitiveness as the season 
advances and the fruit is more mature when shipped. 

Injury to oranges, closely resembling the broym-stain disease, was 
produced by exposing fruit to the vapors of citral, citronellal, and 
various acetates, including ethyl, amyl, methyl, and octyl. (PL 3, F.) 
With a concentration of 1 to 2 ml of citral in an 8 to 10 liter desiccator, 
typical surface injury resembling the brown-stain disease was produced 
in a few hours. Longer exposures at 40^ F. produced a similar effect, 
and the injury produced with low concentrations of citral and long 
exposure was indistinguishable from the stain on oranges resulting 
from cold storage. The acetates also were effective, but oranges were 
more resistant to their vapors than to those of citral. 

Geraniol vapor caused no injury either to oranges or to grapefruit 
at low and moderate concentrations. Oranges were exposed for 
several days without apparent injury to the vapor of this alcohol at 
the concentration at which citral caused marked injury within a few 
hours. 

Methyl anthraiiilate caused injury to oranges when the fruit was 
exposed to the concentrated vapor of the chemical for longer periods 
of time. With the concentration of citral doubled, three to five days 
were required to cause visible injury in the form of sunken and scalded 
areas in the peel. Linalool and S-linionene caused no inj ury to oranges 
or grapefruit at similar concentrations. 

In both oranges and grapefruit, sunken lesions in the peel followed 
exposure to the vapor of acetaldehyde. These lesions were more 
nearly like those that characterize injury from low temperature than 
those produced by other chemicals. (PI. 6, D.) Usually the lesions 
of typical storage spot originate in a collapse of the cells surrounding 
the oil vesicles. Tliis is not invariably the case, however, for some- 
times the oil glands show the initial effects of the disease. Some 
lesions produced with acetaldehyde began with the collapse of the 
cells above the oil vesicles, which was followed later by the collapse 
of the cells between the vesicles, IFhere only slight injury followed 
exposure of the fruit to the dilute vapor of acetaldehyde the effect was 
noticed only in the tissue directly above the glands. 

When low concentrations of acetaldehyde were used the lesions 
formed on navel oranges resembled very closely those of the brown-spot 
disease. (PL 3, E.) When greater concentrations were used the 
entire surface of the fruit became scalded and pitted. With slightly 
green and very susceptible fruit the type of injury could be made to 
simulate brown spot or storage spot by varying the concentration and 
the period of exposure. Yellow ripe fruit that had been picked for 
several weeks wuis comparatively resistant to injury by this chemical. 
Fruits with smooTi, fine-textured skin were most susceptible, but 
typical lesions \ver also produced on coarse tliick-skinned fruits. 

Lesions resemblir^g those produced with acetaldehyde have devel- 
oped also on fruit exposed to the vapor of acetic acid. One to two 
ml of 50 per cent acetic acid in an 8-liter desiccator affected oranges 
and grapefruit in very much the same way as did acetaldehyde. A 
mixture of acetaldehyde and acetic acid was more effective than either 
alone. In some of the earlier experiments, acetaldehyde that had 
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been stored for some time at room temperature was used, and fruit 
exposed to this lot was much more quickly injured than other lots 
exposed to acetaldehyde that had recently been purchased. Upon 
inyestigation it was found that the acetaldehyde had undergone 
oxidation and acetic acid had been formed in considerable quantity. 

The color reactions of the tissues injured with acetaldehyde are 
very nearly the same as those that occur in the development of brown- 
spot and storage-spot lesions. The affected tissue is at first colorless, 
but, from a pale vinaceous shade, progressive color changes take place 
which proceed finally to the tones that characterize the natural lesions 
of these diseases. The purplish tinge so characteristic of the border 
portion of the brown-spot lesion on naval orange is especially notice- 
able around the margin of the injured tissue that develops after 
exposure to the vapor of acetaldehyde. On grapefruit the darker 
border of the lesion produced by acetaldehyde is very similar to that 
of the natural lesion. 

DISCUSSION 

In a preceding paper the writer {IS) described certain functional 
diseases affecting vegetables in storage and transportation and showed 
by experiments that these diseases could be produced by exposing 
susceptible vegetables like potato, cabbage, and lettuce to conditions 
in which the Cj[uantity or the availability of ox5"gen was reduced. 
Other investigators had previously shown the liability of plants to 
injury at temperatures above the freezing point and had concluded 
that the injury was due to the accumulation of toxic substances as a 
result of incomplete cellular oxidations. Though the ultimate cause 
of the breakdown of the vegetables at low temperatures and under 
conditions of reduced oxygen tension was not determined, it was sug- 
gested that suboxidation (referring to respiration reactions) was of 
primary importance as a precursor of the toxicity actually causing the 
death of the cell. The occurrence of the blemish diseases of citrus 
fruits under similar conditions in storage and transportation, and the 
comparable reaction of these fruits to the conditions imposed in the 
vegetable experiments, show the cpialitative relation of these blem- 
ishes and suggest again the role of suboxidation in their production. 
The circumstances that bring about reduced availability of oxygen in 
susceptible cells may be storage conditions of poor ventilation or low 
temperatures which prevent the utilization of oxygen requisite for 
normal respiration. The diseases of citrus fruits described as brown 
stain, brown spot, and storage spot thus appear to be manifestations 
of suboxidation reactions in the most active cells of the peel. It 
should be emphasized that the ultimate cause of each of these diseases 
is not yet known, although the results of some of the tests with 
chemicals may afford suggestive evidence. 

Brown stain of orange is very similar in appearance to apple scald, 
and the experimental production of this disease witn substances which 
produce scaldlike effects upon apple reveals the close siniilarity of the 
two disorders. The most typical injury was- produced with the vapor 
of citral. The brown staining of the surface of orunge which followed 
a short exposure to the vaporized substance was indistinguishable 
from the disease as it occurs naturally on oranges from cold storage. 

The results of the experiment on air movement and the influence 
of temperature and of oiled wrappers seem to indicate that storage 
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spot and brown spot are probably not due to the surface action of 
poisons that can be dissipated by air currents or absorbed by neutral 
oils. The results of the oiled-wrapper experiments are, however, not 
coiieliisive enoii 2 :h to warrant an unqualified statement. 

The manner in which the lesions of storage spot develop indicates 
that the initial site of injiiiy is the deeper-situated parenchyma cells 
that circumscribe the oil vesicles. In the great majority of cases the 
cells over the oil glands do not, in the beginning, appear to be injured, 
and the breaking down of the peel tissues seems to originate in the 
subsurface parench 3 mia cells. Later, through desiccation of the cells 
surroimding the oil vesicles, the glands and the overlying cells are 
also aflected. Such a sequence of events suggests that the initial 
injury occurs in deeper-situated cells and progresses outward. 

The progressive increase in the permeability of the cells of the endo- 
carp of orange at low temperatures indicates that such temperatures 
are injurious to the cell membranes. The most plausible explanation 
for this increase in permeability is the accumulation of poisonous 
substances within the cell. Since Pantanelli {14) demonstrated that 
at low temperatures an aiitodigestion of the proteins of orange occurs, 
it is evident that there is more than a theoretical basis for this explana- 
tion, Zoller {2f) has shown that naringin, the bitter principle in the 
peel of grapefruit, gradually disappears during storage, and he suggests 
that certain flavors and ^^pink spots’^ which develop simultaneously 
with its disappearance are to be traced to the reactions of this gluco- 
side. The products of the hydrolysis of naringin are glucose, rham- 
nose, and the phloroglucinol ester of 'j^-hydroxy-cinnamic acid? and 
conceivably a gradual accumulation of this ester at low temperatures 
might be concerned in the occurrence of storage spot. 

The causal factors in such functional diseases of apple as scald, 
internal browning, deep scald, etc., is a disputed question. These 
diseases develop in cold storage, and the most generally accepted view 
has been that of Binoks and his associates, who believe that injury to 
apples in the form of superficial scald is brought about by the action 
of poisonous substances like acetaldehyde and - fruit esters which 
accumulate at low temperatures. The beneficial effects of ventilation 
and of oiled wrappers in preventing this type of breakdown lend 
support to this view. Thomas {21) and Trout {2S), however, believe 
that the cells first beconie unhealthy from some cause as yet unknown 
and that following the initial injury zymasis occurs and the accuinu- 
lated by-products accentuate the injury. According to this view 
acetaldehyde does not accumulate in apples or pears until the cells 
are injured from some other cause. 

It is not proposed to consider here the controversial aspects of this 
problem. In the experiments with oranges and grapefruit, injuries 
resembling the lesions of brown spot and storage spot were produced 
by exposing these fruits to the dilute vapors of acetaldehyde and 
mixtures of acetaldeiiyde and acetic acid. Acetaldehyde is believed 
to be ^an intermediate product of respiration and under anaerobic 
conditions its production is increased (Kostyschew, Htibbenet, and 
Scheloiimoff (If ) and Thomas Of interest is the fact that 

acetaldehyde may be formed from citral in the presence of weak 
alkalies. Whether or not such a reaction might occur in citrus 
fruits in storage is not Imowm Since no analyses for acetaldeiiyde 
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in diseased tissues were made it can not be stated wlietlier it is coii- 
cemed in the causation of brown spot or storage spot. The fact that 
lesions resembling those of brown spot and storage spot can be pro- 
duced by exposing fruit to dilute vapom of acetaldehyde or certain 
fruit esters suggests that some substance having a similar action may 
be concerned in the occuiTence of these diseases at low temperatures 
or under conditions of poor ventilation. 

Two hypotheses may be proposed for the injury to citrus fruits in 
cold stomge. Low temperatures may cause a preponderance of 
hydrolytic activity resulting in excessive splitting of substances like 
gliicosides, with a resultant accumulation of materials which poison 
the protoplasm. This explanation is supported by the partial con- 
trol of pitting b.y prestorage treatment of grapefruit with kerosene- 
stove gas. This treatment speeds up katabolic processes greatly and 
must cause a marked decrease in storage materials like glucosides. 
The effects of accumulated products of incomplete respiration offers 
an alternative explanation for breakdown at low temperatures. 
Under normal conditions poisoning of the protoplasm is prevented 
by oxidation of toxic materials as fast as they are produced, but at low 
temperatures the oxidizing system in the cell is afl’ected to such an 
extent that there may be a slow accumulation of these materials and 
eventual injury to the protoplasm. Low temperatures are evidently 
much more injurious to citrus fruits than to apples, since storage for 
2 to 3 weeks at 32'^--34*^ F. results in injury to grapefruit, whereas 
under similar conditions apples are not affected before 8 to 12 weeks. 

The practical importance of oiled wrappers in the control of func- 
tional diseases of fruits in cold storage makes it desirable that conclu- 
sive evidence be obtained as to their value with oranges and grape- 
fruit. The tests reported in this paper both with chemicals and wrap- 
pers should be repeated with fruit in condition likely to yield decisive 
results. In these experiments only market fruit was available and 
nothing was known of the previous treatment to which it had been 
subjected. More decisive results would probably follow a repetition 
of the experiments both with chemicals and oiled WTappers by using 
fruit freshly picked at a period when it was most susceptible to these 
blemish diseases. 

SUMMARY 

This paper reports the results of studies on certain functional dis- 
eases aft'ecting citrus fruits in storage and transportation. The 
investigation deals chiefly with the storage spot or pox disease, but 
some experiments on brown spot and brown stain of orange are 
included. 

The symptoms of these diseases are the result of a breakdown of the 
peel tissues following storage of fruit under conditions of poor ventila- 
tion or where the temperature is so low that normal respiratory func- 
tions are deranged. 

Storage spot and brown spot have been produced in the laboratory 
under yarious conditions of air composition, and typical symptoms 
have followed storage of susceptible fruit in nitrogen for 4 to 10 days. 

Under the conditions of these experiments air movement without 
renewal has not been effective in preventing storage spot at room 
temperature.' ■ 
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Storage spot lias been produced at low temperatures wliere there 
lias been no deficiency of oxygen in the surrounding air. Storage of 
green-skinned fruit for 10 to 14 days at temperatures close to 32° F. 
is sometimes siiflicient to cause typical breakdown. Temperatures 
from 32°-42° are effective in producing breakdown of oranges and 
grapefruit where there is no oxygen defi.ciency in the surroimding 
air. 

The susceptibility of oranges and grapefruit vaiies with the degree 
of maturity. Green fruit is usually more susceptible than colored 
and fully matured fruit. 

Oiled wrappers have given variable results in the control of storage 
spot and brown spot. In most cases they have not decreased the 
amount of disease on either grajicfruit or oranges in cold storage, but 
in a few instances they apparently have been beneficial. 

Injury closely resembling brown stain has been produced on oranges 
by exposing them to the dilute vapors of certain chemicals. Citral 
has been especially effective in causing this type of injury. Similar 
injur}^ has been produced with various acetates which also produce 
scald-like effects on apple. 

Brown stain is a disease apparently very similar to apple scald 
with the injury incident in the surface cells and caused by the action 
of certain cumulative products of the orange itself. 

Oranges and grapefruit exposed to the vapors of acetaldehyde, 
acetic acid, or a mixture of acetic acid and acetaldehyde have 
developed lesions in the peel resembling those characteristic of brown 
spot and storage spot. Other factors being equal, the degree of 
injury produced depends on the maturity of the fruit. 

The lesions of brown spot and storage spot appear to arise through 
injuries in the parenchyma cells surrounding the oil vesicles. The 
effect of acetaldehyde and fruit esters upon oranges and grapefruit 
suggest that some substance having a similar action may be con- 
cerned in the causation or accentuation of the injury that follows 
storage of these fruits at low temperatures. 
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EVAPORATION PROM SALT SOLUTIONS AND FROM 
OIL-COVERED WATER SURFACES' 

By Carl Rohwer 

Associate Irrigation Engineer, Bureau of Agricultural Engineering, United Slates 
Department of Agriculture 


INTRODUCTION 

Evaporation experiments performed at Fort Collins, Colo. (^)“, and 
at various points in the western part of the United States at different 
altitudes, under a wide range of meteorological conditions, show that 
there is a definite relation between the evaporation and the difference 
in vapor pressure, the wind velocity, and the altitude.^ There are, 
however, other factors, such as oil films on the water surface and the 
presence of various salts in the water, which are known to influence 
the evaporation from free-water surfaces. 

The idea has been advanced that evaporation losses from reservoirs 
can be reduced materially by maintaining an oil film over the surface, 
and withdrawing the water for irrigation from below the reservoir 
surface without disturbing the oil film. Frequently irrigation water 
contains considerable quantities of salts in solution, and in experi- 
mental work it is sonietimes desirable to add small amounts of salt 
to evaporation tanks in^ order to prevent the growth of algae in the 
water. Therefore it is important to know how the rate of evapora- 
tion from salt solutions and oil-covered water surfaces compares with 
that from fresh water. 

In order to determine the effect of these factors on evaporation, 
and the influence of the meteorological factors under these conditions, 
experiments were performed at Port Collins on the evaporation from 
oil-covered water surfaces, and from various solutions of sodium 
chloride and sodium sulphate. The results of these tests are reported 
in this paper. 

EFFECT OF OIL ON EVAPORATION 

In carrying on the observations to determine the effect of oil films 
on the evaporation from free-water surfaces, two Colorado land pans 
were installed under identical conditions at the hydraulic laboratory 
at Fort Collins, Colo. Both were filled with water, and the surface 

1 Received for publication Oct. 19, 1932; issued May 1933. Prepared under the direction of W. W. 
McLaughlin, Chief, Division of Irrigation, Bureau of Agricultural Engineering. This study was carried 
on under a cooperative agreement between the Colorado Agricultural Experiment Station'and the Bureau 
of Agricultural Engineering, U. S. Department of Agriculture. 

2 Reference is made by numher (italic) to Literature Cited p. 729. 

3 This relation is expressed by the formula; 

(1,465- 0.01863) (0.44+0.118 W) in which 

evaporation in inches per 24 hours, 

3 -mean barometric pressure in inches of mercury at 32® P,, 

1V= mean ground wind in miles per hour, 

«» =^ mean vapor pressure of saturated vapor at temperature of water surface, in inches of mercury, and 
Cd = mean vapor pressure of saturated air at the temperature of dewpoint, in inches of mercury. 

The formula gives the evaporation from TJ.S. Weather Bureau, class A, land pans and floating pans, 
Colorado land pans, U. S. Bureau of Plant Industry land pans, U. S. Geological Survey floating pans, and 
other similar pans when the required data are substituted in it. Por Fort Collins, Colo., elevation 5,CX)0 
feet, the factor (1.465-0.01863) is 1.000. 
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of one was covered with a film of oil. City water, whicli contained 
approximately 50 parts per million of solids, was used to fill the 
tanks. A comparison of the evaporation from the two tanks showed 
the effect of the oil film. The evaporation tanks were iipproxirnately 
36 inches square and 18 inches deep, and were sunk in the groiind 
within 1 inch of their tops. Both tanks were painted black with 
asphaltic paint. The water in the tanks was maintained at approxi- 
mately the ground level, and a complete record of the meteorological 
conditions and of the evaporation was taken for each tank. The 
records consisted of the air and water temperature, the psychrometer 
reading and the evaporation loss for each tank, and the wind velocity 
and rainfall records which were the same for both tanks. The 



Figure 1.— Apparatus used in making tests on the etieet of oil films on evaporation 


evaporation tanks and the equipment used in making the observa- 
tions are shown in Figure 1. 

The water temperatures were taken at approximately one-half inch 
beneath the water surface, and the air temperatures were taken at 
about 1 inch above the water surface in each tank. The thermometers 
used in making the readings were of good quality and were graduated 
in degrees and in half degrees. They were compared with a ther- 
mometer graduated in tenths of a degree which had been calibrated 
by the Bureau of Standards, and were found to be quite accurate. 

The wet and dry bulb readings for determining the vapor pressure 
of the water were made with a portable motor-driven aspiration 
psychrometer, as shown in Figure 1. The instrument was set so the 
air was drawn from a point about 1 inch above the water surface. 
This instrument had previously been compared with a calibrated 
psychrometer and was known to give accurate readings. 
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The evaporatiori loss was measured with micrometer hook gages 
reading to oiie-thoiisandth of an inch. These gages had a range of 1 
inch, and consequent^ the variation in the level of the water was 
limited to this amount. Stilling wells were used in connection with 
the hook gages. 

A standard Weather Bureau anemometer of the 4-cup Kobiiisoii 
type was used for determining the vdnd velocity. It was placed so 
that the cups were IS inches above the ground, and in order to de- 
termine the ground velocity a conversion diagram, obtained by com- 
paring the velocity at the 18-inch level with that at the o-round level, 
was used. 

The precipitation wms measured in a standard Weather Bureau 
type rain gage which was located near the tanks, as shown in Figure 1. 

The observations on the tanks were started on July 18, 1929, and 
were continued until October 28, 1929. The readings were taken 
twice daily: Betw^een 7 and 8 a. m. and between 5 and 6 p. m. From 
these readings, the means of 24-hour periods, which began on the 
morning of one day and ended on the morning of the next, were 
computed. A summary of the results is given in Table 1. 

Before the tests on the effect of oil on evaporation w^ere started, 
observations w^ere made under identical conditions on the evapora- 
tion from the free-wurter surfaces of the tanks to determine whether 
the rate of evaporation wms the same from both tanks. These tests 
covered a period of 10 days, and showed (Table 1) that under identical 
conditions the rates of evaporation agreed quite closely, the mean 
difference for the period being only 2 per cent. 

Table 1. — Observed and computed evaporation from oil-covered water and from 
water in Colorado sunken tanks^ the ratios between the evaporation from oil- 
covered water and from water, and the pertinent meteorological data at Fort Collins, 
Colo,, 1929 


[Evaporation computed by formula J^7=(1.465-0.01SfijB) (0.44-fO.USlF) (cs—fd)] 


Type of surface and tank used 

Period 

Aleain tem- 
perature 

Mean 

differ- 

ence 

in 

vapor 

pres- 

sure 

Mean 

ground 

wind 

veloc- 

ity 

per 

hour 

Pre- 

cipi- 

tation 

total 

Alcan evapo- 
ration i.>er 24 
hours 

Ratio of 
oil-film 
evapo- 
ration 
to 

water 
evapo- 
ration 
ob- 
served « 

Air 

Water 

Ob- 

served 

Com- 

puted'' 

Water, east tank. ; 

Water, west tank ' 

Water, east tank, 0.0002-inch 

oil film ft.......... 

AVater, east tank, 0.002-ineh oil 

film ft-.,- — - — — 

W’'ater, easi tank, 0.002-inch oil 

film ft.. 

Water, Ga.st tank, 0.004-inch oil 

film ft., 

"Water, east tank, 0.002-inch oil 
film 

1929 

IJiily IS to 
i July 26--. 
\July 27 to 

1 Aug. ] . 
\Aug. 13 to 
/ Aug. 21 -- 
1 Aug. 22 to 

J Aug. 29-- 
1 Sept. 10 to 

1 Oct 5— _ 
lOct. 6 to 
f Oct 28— 

° F 
/75.9 

176.6 
/76. 4 
\76. 5 
f77.7 
\78. ^ 

m.T 
176. 2 
/57. 5 
159.3 
146.8 

147.6 

° F. 

76. 6 

76.1 

76.4 

77.1 

75.6 

83.7 

73.7 

79. 4 

60.2 

64. 8 

50. 9 

52.9 

Inch of 
mer- 
curi! 

0. 390 
.376 
.467 
.481 
.450 
.752 
.345 
.532 
. 214 
. 322 
,174 
.208 

Miles 

0. 65 1 
.65 

1.08 

1, m 

.63 
.63 
.91 
.91 
.90 
,90 
1. 00 
too 

Inch 

0. 104 
. 104 

0 

0 

.025 
.025 
. 240 
.240 
. . 258 : 
.258^^ 
. 245 
.245 

Inch 

0. 203 
.199 
.294 
. 266 
,227 
.074 
.194 
. 080 i 
. 116 
.026 ^ 
.106 
,065 

Infh 
0.202 
. 194 
.266 
.275 
.232 
. 386 
.188 
.290 
.118 
.177 
.0971 
.116 

0. 919 

.333 

.440 

■1 ' .279 

"'”'597 


« The computed evaporation and the ratio of the evaporation from the olhcovered water surface to that 
from the water surface are the means of the daily values, 
ft Transformer oil. 

« Engine oil, medium. 
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After these tests had been completed, a film of ^ transformer oil 
was added to one of the tanks. The first application consisted of 
4 cc, which was ec|uivalent to 0.0002 inch on the water surface. 
When first applied, the oil collected in pools on the water surface, and 
it took several da^ys for it to spread out evenly. The effect of the 
filin was so slight, however, that the surface was skimmed to remove 
the oil and then 40 cc of transformer oil was added, which was equiv- 
alent to 0.002 inch. This oil was immediately dissipated by the 
heavy rain occurring at the time, and it %vas not until tne rainfall 
ceased, when another application of the same amount of oil was 
made, that it was possible to determine the effect of the oil film. 
The 40^ cc of oil caused a definite reduction in the evaporation, as 
shown in Table 1, but the effectiveness decreased as a result of the 
gradual disappearance of the oil film, and by the end of a week the 
oil was only slightly effective in reducing the evaporation. As soon 
as the evaporation from the oil surface was nearly equal to that from 
the free-water surface, the remaining oil was skimmed off and new 
oil added. 

^ Several applications of oil w^ere made at this rate, but for only two 
of these were the results free from the effect of heavy rains, which 
caused the oil to splash out of the tank and, in some cases, to over- 
flow. . For the twm series of observations which w^ere not affected by 
rains, the ratios of the evaporation from, the oil-covered w^ater surface 
to that from the free-water surface were 0.333 and 0.440, as showm in 
Table 1. An apphcation of 80 cc of transformer oil, or a depth of 
approximately 0.004 inch, was more effective in reducing the evapora- 
tion and remained on the water surface longer. In this case, the 
ratio of the evaporation from the oil-covered surface to that from the 
water surface was 0.279 and this application of oil lost its effectiveness 
after 26 days, whereas the smaller quantity of oil was no longer 
effective after 10 days. 

In order to test the effect of films of oil heavier than transformer 
oil, 40 cc of engine oil, medium grade, wms applied to one of the 
tanks. The engine oil did not reduce the evaporation as much as the 
transformer oil, but it was not dissipated as rapidly and consequently 
was effective in reducing the evaporation for a longer period. As 
shown in Table 1, the ratio of the evaporation from the oil-covered 
wmter to that from the free-water surface was 0.597. The difference 
in the effect of the two different types of oil is probably due partly 
to the fact that the engine oil was applied late in the season when 
the evaporation from the free-water surface was small. 

From the foregoing tests it is evident that it is possible to reduce 
the evaporation materially for short periods by the application of oil 
to the water surface. How’-ever, the rapidity with which the oil 
film disappears in a rainstorm, and the fact thaf the film is soon dissi- 
pated, even in dry weather, seems to make doubtful the economic 
feasibility of using oil for reducing evaporation from large water 
surfaces. 

The formula 

J?-(1.465-0.0186S) (0.444-0.118W) 

shows the relation between the evaporation from a free-water surface 
and the various meteorological factors. In order to determine 
whether the same relation held for these experiments, the observed 
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meteorological data were substituted in the formula. The results 
are given in Table 1. 

A stiuty of the daily mean observed and computed evaporation 
from the free-water surface for each series of observations shows that 
the results agree quite closely, as a rule. The mean values for the 
entire period (not shown) are almost identical, the difference being 
only 2.9 per cent. . The computed evaporation from the oil-covered 
tank, however, is greatly in excess of the observed evaporation and 
is considerably greater also than the observed evaporation from 
the free-water surface. That the computed evaporation from the 
oil-covered tank should exceed the observed evaporation is to be 
expected because of the retarding effect of the oil on evaporation, but 
the reason that it exceeds the evaporation from the free-water surface 
is that the temperature of the oil-covered water is materially higher 
than that in the free-water tank. Tliis probably is due to the 
insulating effect of the oil, and to the reduction in the cooling of the 
water resulting from the smaller evaporation. The oil may also 
absorb more heat from the sun. The higher temperature increases 
the difference in vapor pressure, and since the computed evaporation 
is proportional to the difference in vapor pressure, it will obviously 
be greater than the observed evaporation, 

EFFECT OF SODIUM CHLORIDE ON EVAPORATION 

The effect of sodium chloride on evaporation was studied by com- 
paring the evaporation from sodium chloride solutions of different 
concentrations with the evaporation from water under similar con- 
ditions.. Three tanks identical in every respect, approximately 36 
inches square and 18 inches deep, were used in carrying on the 
experiments. Each tank was painted black with, asphaltic paint and 
was sunk in the ground to witliin 1 inch of the top, and the water 
level was maintained at approximately the ground level. The maxi- 
mum variation in the water level was 1 inch, and as soon as the water 
reached the lower level the tanks were refilled. The evaporation 
tanks and the auxiliary equipment are shown in Figure 2. 

The same observations were taken, the same instruments used, and 
the same procedure followed as in the experiments on the effect of 
oil on evaporation. One change, however, was made in the procedure 
when observations were taken on the more concentrated solutions 
because it was found that the density of the solutions in the stilling 
wells for the hook gages differed from that in the tanks, and, con- 
sequently, the water stood at a different level in the stilling wells 
than in the tanks. An attempt was made to correct this condition 
by making the inlets to the stilling wells larger, but this did not prove 
to be effective in eliminating the difficulty, so the stilling wells were 
removed entirely. Although the gages could not be read as ac- 
curately without the stilling w^ells, it was thought that the readings 
would be closer to the true conditions than they would if the stilling 
wells were used. A summary of the results of the observations is 
shown in Table 2. 

Before the sodium chloride was added to the water, a series of 
observations covering 10 days was made to see whether the evapora- 
tion was the same from all the tanks when filled with water. As 
Table 2 shows, the evaporation from the different tanks for the 1 0-da}^ 
period was nearly the same. The daily mean rates were not so 



720 


Journal of Agricultural Research 


Vol. 46, No. 8. 


nearly similar, but the differences tended to balance each other, as is 
shown by the means for the period. 

After completing the tests to determine whether the evaporation 
from all the tanks was the same when filled with water, common 
salt (NaCl) was added to the water in two of the tanks. The amounts 
of sodium chloride added were, respectively, 2 per cent and 5 per cent 
of the weight of the water in the tanks. Because the total weight of 
the solution was slightly greater than the weight of the water alone, 
the true percentage of salt in a given weight of solution was slightly 
less than that indicated. 

The first series of tests on the comparison between the evaporation 
from water and from 2 and 5 per cent sodium chloride solutions was 
started June 19, 1930, and continued until July 22, 1930. At the 
end of this period, the 2 per cent sodium chloride solution was trans- 



Figure 2,~”Ev:aporation tanks and auxiliary equipment for testinjr the eiTecl of sodium chloride on 
the evaporation from water 


ferred to the tank which had been filled with water, and the tank 
which had held the 2 per cent solution pi-eviously was filled with fresli 
water. The experiments under this condition were continued until 
September 2, 1930, except for the period from August 11 to 18, 1930, 
during which the observations were discontinued on account of the 
heavy rainfall. 

The results of the comparison for the first period show (Table 2) 
that the mean daily evaporation from the solutions increased as the salt 
concentration increased, or just the opposite of what was anticipated. 
The i-esults of the comparison for the second period, when the fresh 
water and the 2 percent sodium chloride solution were interchanged 
show that the evaporation from the salt solutions was less than that 
from the pure water; nevertheless the evaporation from the 5 per cent 
solution was greater than the evaporation from the 2 per cent solution. 

For the entire period of 07 days, the mean daily evaporation from 
the different solutions, disregarding the position of the tanks, was. 
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respectively, 0.224, 0.219, and 0.223 inch for the pure water, the 
2 per cent and the 5 per cent solutions. These results show that the 
evaporation was slightly less from the sodium cliloride solutions, but 
still the loss from the 5 per cent solution was greater than that from 
the 2 per cent solutions, wliich indicates that the small differences 
noted are not significant. 

While these observations were being carried on,. it was observed 
that the temperatures of the solutions in the tanks containing sodium 
chloride seemed to be higher than the temperature of the water in 
the water tank. In the first series of tests the temperatures of the salt 
solutions were definitely higher than those of the water (Table 2), but 
in the second series the differences were insignificant. It is doubtful 
therefore whether the erratic results may be attributed eiitireh" to the 
small differences in tempera tiire. 

Table 2. — Observed and coinputed evaporation from water and from, sodium chloride 
solution in Colorado sunken tanks^ the ratios between the evaporation from sodium 
chloride solutions and from water, arid the pertinent meteorological data at Fort 
Collins, Colo., 1930 


[Evaporation computed by formula (1.465-0.018613) (0.44+0.118110 (c.— Pi)] 


Type of solution and tank used 

Period 

Mean tem- 
perature 

Mean 

differ- 

Mean 
ground 
wind 
veloc- 
ity per 
hour 

Pre- 

cipita- 

tion 

total 

Alean evap- 
oration per 

24 hours 

Ratio 
of solu- 
tion 
evapo- 
ration 
to 

water 
evapo- 
ration 
ob- 
served « 

Air 

Abater 

ence 

in 

vapor 

pres- 

sure 

Ob- 

served 

Com- 

puted"' 

Water, west tank 

Water, south tank 

Water, east tank 

Water, south tank 

2 per cent NaCl, west tank 

5 per cent NaCl, east tank 

Water, west tank 

2 per cent NaCl, south tank- -- 

5 per cent NaCl, east tank 

Water 

2 per cent NaCl 

5 per cent NaCT 1 

Water, west tank 

10 per cent NaCl, east tank 

20 per cent NaCl, south tank-,| 

\june 8 to 

1' June 17. 

(June 19 to 

1 July 22. 

buly 24 to 

1 Sept. 2. 

iJune 19 to 
( Sept. 2. 

(Sept. 4 to 
( Nov. 15. 

0 

(70.8 
ho. 4 
(.69. 8 
(75.8 
{76.0 
(75.0 
(74.4 

74.1 
(.72.8 
(75.1 

75.1 
(74.0 
150.2 
{50.0 
[49.9 

0 p 

70.6 

70.6 
71.0 

74.3 

74.4 

75. 3 

73.6 

73.3 

73.7 
73.9 

73.8 

74.5 

52.4 
52.3 
52.2 

Inch of 
mer- 
cury 
0.425 
.421 
. 430 
.439 
.445 
.442 
.373 
.350 
.350 
.406 
.398 
.397 
.190 
.170 
.138 

Miles 

1. 18 

1. 18 
1. 18 
1.11 
1.11 
1.11 
.84 
.84 
.84 
.98 
.98 
.98 
1. 11 
1. 11 
1.11 

Inches 

0. 645 
. 645 
.645 
.956 
. 956 
. 955 

1.966 
1. 966 

1. 966 

2. 922 

2. 922 

2. 922 
.574 
.574 
.574 

Inch 

0. 259 
.256 
.262 
.250 
.254 
.255 
,197 
. 182 
.190 
.224 
. 219 
.223 
. 115 
. 109 
. 092 

Inch 

0. 248 
.246 
.252 
.251 
.255 
. 254 
.202 
.189 
,190 
. 227 
.223 
. 222 
lios 

.096 

.079 

1. 022 
1.009 

.925 

.955 

.974 

.983 

.930 
' ■ .776" 


^ The computed evaporation and the ratio of the evaporation from the sodium chloride solutions to that 
f rom the water are the means of the daily values. 


Because the differences betw^een the evaporation from water and 
that from 2 and 5 per cent solutions of sodium chloride were not sig- 
nificant, the salt content in the tanks was increased to 10 and 20 per 
cent in order to magnify the effects of the solutions on evaporation 
suflSciently so that they would not be overshadowed by observational 
errors. This was done by adding enough sodium chloride to that 
already in the tanks to obtain the desirecT concentrations. The tests 
on the concentrated solutions were started vSeptember 4, ’ 1930, and 
were continued until November 15, 1930, when it hecame necessary 
to discontmue them on account of the cold weather. 
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Some difficulty was experienced with the 20^ per cent solution be- 
cause of its tendency to increase in concentration near the bottom. 
This phenomenon was detected when it was noticed that foreign 
material heavier than water sank to a definite level in the tank. Oc- 
casional stirring, however, corrected this condition. 

The results obtained with the 10 per cent and 20 per cent solutions 
(Table 2) show that the sodium chloride materially reduced the rate 
of evaporation, and the smallest evaporation was from the tank 
containing the most concentrated solution. 

The ratios of the dail}^ evaporation from each of the tanks contain- 
ing sodium chloride solutions to that from the tank containing water 
were computed, and the mean ratios for each series of observations 
are given in Table 2. These ratios were approximately 0.97 for the 
2 per cent solution, 0.98 for the 5 per cent solution, 0.93 for the 10 
per cent solution, and 0.78 for the 20 per cent solution. Experiments 
by Harris and Robinson (2) on the effect of common salt on the evapo- 
ration from glass tumblers, under laboratoiy conditions without wind, 
showed rates of evaporation from 10 and 20 per cent solutions, re- 
spec tivelj", to be 79 per cent and 68 per cent of that from distilled 
water. Experiments by Briggs (7, 193-195) and by Lee (^, 

p, SS2-S33) showed similar results. 

The agreement between the results obtained by the different ex- 
perimenters is not close, but all the observations show that evapora- 
tion from the more concentrated salt solutions is definitely less than 
from weak solutions or from pure water. 

In order to determine whether the relation between the evaporation 
from the different solutions of sodium chloride to the meteorological 
factors was the same as it was for water, the meteorological data were 
substituted in the formula 

£;=(1.465-'0.0186R) (0.44 + 0.1 18TF) {e-ef}, 

which shows the relation between the meteorological factors and the 
evaporation from water in tanks. Before substituting the observed 
data in the formxda, it was necessary to find the reduction in vapor 
pressure of the solution due to the salt in the water. According to 
RaoulFs law (5, p. 57-59) the ratio of the vapor pressure of a solution 
to that of water is independent of the temperature and pressure. 
This fact is confirmed by the vapor-pressure data of the International 
Critical Tables {4, P- 370-371). In so far as determining the nu- 
merical values of the ratios is concerned, this law holds only for very 
dilute solutions and can not be used directly in the computation of 
the vapor pressures of concentrated solutions, but since the vapor 
pressures at the boiling point of water have been experimentally 
determined (7, p. 182) for different concentrations of various salts, 
the ratios can be determined by dividing the vapor pressure of the 
salt solution at the boiling point by the vapor pressure of the water 
at the same temperature. The vapor pressure of the solution at any 
other temperature is this ratio times the vapor pressure of water at 
thC' same temperature. ■ 

The vahies of the ratios computed on this basis are as follows: 2 per 
cent soiution 0.989, 5 per cent solution 0.972, 10 per cent solution 0.948, 
and 20 percent solution 0.880. In computing the ratios, the true 
percentage of salt in the 10 and 20 per cent solutions, as determined by 
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the weight of salt in a given weight of solution, was used, but in the 2 
and 5 per cent solutions the nominal percentage was used because 
the density of these solutions was not materially different from that of 
water. It will be noted that the reduction in vapor pressure was small 
for the 2 and 5 per cent solutions, which is probably the reason why the 
small percentages of salt had but a negligible effect on the evaporation. 

The evaporation computed by su&tituting these data in the 
evaporation formula agrees quite well with the observed evaporation 
except in the last series of tests in which the 10 and 20 per cent solutions 
were used. Table 2 shows that the observed evaporation was greater 
than the computed evaporation for both the 10 and the 20 per cent 
solutions and also for the water, but the difference was greatest for the 
20 per cent solution. The percentages of deviation are shown in 
Table 3. 

Table 3. — Deviation of computed fro?n observed evaporation in the observations 
with solutions of sodium chloride 


Type of solution and tank 

Mean evap^ 
24 h( 

oration per 
ours 

Devia- 

tion 

j 

Observed 

Computed" 

Water series: 

Inch 

Inch 

Per cent 

West tank ■ 

0. 259 

0.24S 

-4.2 

South tank . 

.256 

.246 

-3.9 

East tank 

.262 

.252 

-3.8 

2 and 5 per cent NaOl series: 

Water 

.224 

.227 

+1.3 

+1.8 

-0.4 

2 per cent 

.219 

.223 

5 per cent— 

.223 

. 222 

10 and 20 per cent NaCl series: 

Water 

.115 

.108 

-6.1 

10 per cent 

.109 

.096 

-11.9 

20 per cent 

.092 

.079 

-14.1 



“ Computed by formula E = (L465-0.0186B) (0.44+0.118 TV) ie»~ed). 


Although the percentages of deviation in the computed results 
for the 10 and 20 per cent solutions are rather large, it should be noted 
that the percentage for the water also is considerable and of the same 
sign. When this fact is taken into consideration, the differences 
between the observed and the computed rates of evaporation from the 
concentrated salt solutions do not appear remarkable; consequently 
it seems that the effects of meteorological factors upon evaporation 
from salt solutions are the same as upon evaporation from water. 

EFFECT OP SODIUM SULPHATE ON EVAPORATION 

The observations on the evaporation from solutions of sodium 
sulphate, commonly known as white alkali, were made with the same 
equipment as was used in making the observations on the effect of 
sodium chloride on evaporation. The same observations were taken 
and the same procedure was followed, except that the water-tempera- 
ture readings were taken by holding the thermometer in each tank 
at the proper depth and the air temperatures were taken from the 
dry-bulb readings of the psychrometer. In conducting these tests, 
however, four tanlvs were used instead of three, and none of the tanks 
was painted at the beginning of the series of tests. No stilling wells 
were used in connection with the hook gages on the tanks because 


174231 -“ 33 - 


•4 
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it was assimied that the stilling wells would introduce errors into the 
readings on account of the difference in density of the solution in the 
tanks and in the stilling wells, as was noted in the case of the tests 
on sodium chloride solutions. Commercial anhydrous sodium sul- 
phate was used in making the solutions. This salt is only moderately 
soluble in water at ordinary temperatures, and for this reason 10 per 
cent was the maximum concentration of solution investigated, but 
observations were also made on 2 and 5 per cent solutions to find out 
how effective the less concentrated solutions were in reducing the 
evaporation. As in the previous tests, the comparisons were made 
with the evaporation from water. 

The use of four tanks instead of three made it necessary to reaiTange 
the tanks. The new arrangement is shown in Figure 3. On account 



riGiTEE 3-.— Evaporation tanks arranged for making tests on the effect of; sodium siilpluito on 

evaporation from water 


of the change in the position of the tanks, a preliminai\y series of 
observations was made when all the tanks were filled with, water to 
determine whether the evaporation was the same from all of them. 
This series of observations was started on July 1, 1931, and was con- 
tiniied until August 1, 1931. 

During the course of the observations it was noted that evaporation 
from the center tank of the three in a row was consistently less than 
that from the other tanl^s, and that the temperature of the water was 
also lower. This was attributed to the fact that the tanks had been 
left impainted, because in the tests with sodium chloride solutions it 
was found that the action of the salt solution caused the paint to peel 
off, and as a result the interiors of the tanks were not of a uniform 
color. On July 16, 1931, the inside of each tank was painted with 
black asphaltic paint, and from then on the interiors of the tanks 
were imiform in color. 

A simimary of the results of these observations is given in Table 4. 
As shown in this table painting the tanks did not make the results 
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check any more closely. For the entire period that the tanks were 
filled with water only, the evaporation was, respectively, 0.296, 0.288, 
0.304, and 0.294 inch. Comparison of these values with the mean 
for all the tanks shows that the evaporation from the center tank was 
2.7 per cent low and that from the east tank was 2.7 per cent high, but 
the evaporation from the w-est and south tanks was almost identical 
with the mean value for all the tanks. 


Table 4. — Observed and computed evaporation from water and from sodiuin sulphate 
solutions in Colorado sunken tanks, the ratios between the‘ evaporation from sodium 
sulphate solutions, and from water, and the pertinent 7neteorologial data at Fort 
Collins, Colo., 1931 

[Evaporation computed by formula B=(1.465-0.0186B) (0.44+0.0118 TH (e^-ea)l 


Type of solution and tank 


Period 


Mean tem- 
perature 


Air 


Water 


Mean 
differ- 
ence in 
vapor 
pres- 
sure 


Mean 
ground 
wind 
veloc- 
ity per 
hour 


Pre- 

cipita- 

tion 

total 


Mean evapo- 
ration per 24 
hours 


Ob- Corn- 
served puted" 


Ratio of 
solution 
evapo- 
ration 
to water 
evapo- 
ration 
ob- 


served « 


Inch 


Water, west tank 

Water, center tank 

Water, east tank 

Water, south tank , 

Water, west tank 

Water, center tank 

Water, east tank 

Water, south tank 

W ater, west tank - . 

Water, center tank 

Water, east tank 

Water, south tank.. 

Water, south tank 

2 per cent Na 2 S 04 , west tank.. 
5 per cent Na2S04, center tank. 
10 per cent Na 2 S 04 , east tank.. 

Water, south tank 

2 per cent Na 2 S 04 , west tank.. 
5 per cent Na2S04, center tank. 
10 per cent Na 2 S 04 ,east tank. 

Water, south tank 

2 per cent Na 2 S 04 , west tank.. 
5 per cent Na2S04, center tank. 
10 per cent Na 2 S 04 , east tank. 

Water, south tank 

2 per cent Na2S04, west tank.. 
5 per cent Na 2 S 04 , center tank- 
10 per cent NaaSOi.east tank. 


4uly 2to 14-. 
+uly 16 toSl** 
[july2to 31- 
Aug. 1 to 3+ 

Sept. 1 to 30- 

Oct. 1 to 31.. 

Aug. 1 to 
Oct. 31. 


O p 

72.4 

72.2 

72.4 
72. 1 
78.1 
77. 7 

78.0 
[77.8 
75. 6 

175.2 

75.4 

[75. 2 

71.1 
1 71. 2 

171.1 

171.2 

64.4 

164.4 

64.3 

164.4 
[49.1 

149.3 
49.2 
149.1 
[61.5 

61.6 

161.5 
161.5 


O p 

72.8 

72.4 

73.1 

72.8 
76.6 

76.2 
76.6 

76. 5 

74.9 

74.6 

75.0 
74.8 

72. 2 

72.0 

71.7 

72.1 

65.4 

65.2 

65.1 

65.2 

50.7 

50.5 

50.4 

60.4 

62.7 

62.6 

62.4 

62.5 


0 / mer- 
cury 

Miles 

Inches 

0.466 

1. 91 

Trace 

.462 

1. 91 

Trace 

.480 

1.91 

Trace 

.474 

1. 91 

.Trace 

.469 

1. 60 

0. 120 

.463 

1.60 

.120 

.476 

1. 60 

. 120 

.475 

1.60 

. 120 

.468 

1. 74 

.120 

. 462 

1.74 

. 120 

.478 

1.74 

.120 

.474 

1.74 

. 120 

.412 

1. 12 

,886 

.385 

1. 12 

.886 

.380 

1. 12 

.886 

.391 

1.12 

.886 

.320 

1.29 

.369 

.313 

1,29 

.369 

.298 

1.29 

.369 

.306 

1.29 

.369 

.162 

1.78 

1. 013 

.159 

1.78 

1.013 

.152 

1.78 

1.013 

.151 

1. 78 

1. 013 

.298 

1.40 

2. 268 

.285 

1.40 

2. 268 

,277 

1.40 

2. 268 

.282 

1.40 

2.268 


Inch 
0. 318 
.308 
.326 
.313 
.279 
.272 
.287 
.278 
.296 
.288 
.304 
.294 
.220 
.227 
.209 
.215 
.186 
.191 
. 179 


. JIUU 
.108 
.108 
.106 
.168 
.175 
.165 
.168 


Inch 

0.287 

.284 

.294 


.279 


.286 

.286 

.285 

.281 


.288 


.216 
.213 
.219 
.188 
. 182 
.174 
.178 
.098 
.096 
.092 
.092 
.172 
.164 
.160 
.163 


1. 030 
. 955 
.984 


1.020 

.945 

.972 


1.087 

1.028 

,974 


1.045 
. 976 
,977 


« The computed evaporation and the ratio of the evaporation from the sodium sulphate solutions to that 
from the water are the means of the daily values. 
b Tanks cleaned and painted with asphaltic paint on July 16. 


The sodium sulphate was added to the tanks on August 1, 1931. 
The amount of salt used was determined by taking the indicated 
percentage (2, 5, or 10) of the weight of water in each tank as deter- 
mined from its volume. This method gave only approximate results. 
The true percentages of sodium sulphate in^ the solutions were 
determined from their temperatures and densities. No sodium .sul- 
phate was added to the south tank because the comparative results 
on the evaporation from water were to be obtained from it. 

The observations on the sodium sulphate solutions were started on 
August 1, 1931, and wTre continued until November 1, 1931. The 
results are given in Table 4, which is a summary by months of the 



726 


Journal oj Agricultural Research 


Vol. 46, No. 8 


daily observations. The results in Table 4 show that the evaporation 
from the 10 per cent solution was greater than it was from the 5 per cent 
solution in August and September^ and less in October, but in every 
case the difl‘erences were small. In this connection^ it should be 
recalled, however, that when these tanlcs were filled with water, the 
evaporation from all the tanks was not the same, the center tank 
being consistently low and the east tank consistent!}'' high. As the 
5 per cent solution was in the center tank and the 10 per cent solution 
was in the east tank, one reason for the unexpected results in the 
August and September records becomes apparent. 

No doubt the principal reason that the same results were not 
obtained in October was that conditions during this period were 
unusual. The temperatures in the tanks dropped so low that the 10 
per cent solution reached the saturation point and started to crystal- 
lize. Some of the crystals formed as flakes on the surface of the solu- 
tions and probably reduced the evaporation to some extent by 
reducing the evaporating area. "^Vlien the temperature dropped con- 
siderably^ below freezing, the crystallization of the solution apparently 
was carried below the saturation point, for it was observed that ice 
formed only on the tank containing the 10 per cent solution and on 
the tank containing water. Although all the tanks containing the 
sodium sulphate solutions were stirred each morning and evening 
when the readings were taken, the fact that ice formed only on 
the tank containing the 10 per cent solution and on the tank containing 
wuiter indicated that under these conditions, at least, the surface of 
the solution was nearly free from sodium sulphate. 

At the end of the season, observations made on the densities of the 
solutions showed that on account of the crystallization of the sodium 
sulphate, the specific gravity of the solution in the tank containing 10 
per cent of sodium sulphate had dropped until it was only slightly 
higher than the specific gravity of the 5 per cent solution. Under 
normal conditions this should have increased the evaporation, but 
the accelerating effect was probably counterbalanced by the retarding 
effect of the ice in the tank. As the weather grew colder, there was 
also a tendency for the solutions to crystallize around the edges of the 
tanks. The capillary action kept these crystals wet, which increased 
the area of the evaporating surface and consequently increased the 
evaporation. This is probably the reason why the evaporation from 
the solutions was consistently greater than it was from the water in 
October. In this connection it should, however, be mentioned that 
the ice in the water tank during the latter paid of October caused a 
decrease in the evaporation, which would also make the difference 
between the evaporation from the water and from the solutions greater. 

For the entire period of tliree months, the mean daily evaporation 
from the water and from the 2, 5, and 10 percent solutions was, re- 
spectively, 0.168, 0.175, 0.165, and 0.168 inch, and the ratios of the 
evaporation from the different solutions to that from water were, 
respectively, 1.045, 0.976, and 0.977. These results are inconsistent 
because the evaporation from the tank containing water is exactly 
the same as the evaporation from the tank containing 10 per cent of 
sodium sulphate and less than the evaporation from the tank con- 
taining 2 per cent of sodium sulphate. The differences are small, 
however, and indicate that the effect of sodium sulphate on the evapo- 
ration, for these conditions at least, is negligible 195). Correct- 
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iiig the results in accordance with the differences foiiiid when inaking 
the observations on the tanks when all were filled with water would 
make the results more consistent but would not show that the sodium 
sulphate affected the evaporation materiall^n 

The relation of the meteorological factors to the evaporation from 
the sodium sulphate solutions was checked by substituting the ob- 
served meteorological data in the formula 

' (1.465-0.01865) (0.44 + 0.1181F) 

which shows the relation between the evaporation from free-water 
siii'faces of this type and the meteorological data,. If the same rela- 
tion holds, then tlie evaporation computed by the formula should 
equal the observed evaporation. Before substituting the data in the 
formula, it was necessary to compute the vapor pressure of the solu- 
tions. This was done in the same manner a§ for the sodium chloride 
solutions and was based on the true percentages of sodium sulphate 
in the solutions, as determined from their densities. The results 
obtained by substituting these data in the formula are given in Table 
4 and are summarized in Table 5. 


Table 5. — Deviation of computed from observed evaporation in the observations ivith 
solutions of sodium sulphate 


Type of solution, month and tank 

Mean evaporation per 
24 hours 

Devia- 


Observed 

Computed" 

' 

t iuu 

Water series: 




July: 

Inch 

Inch 

Per cent 

South tank 

0.294 

0. 288 

-2.0 

West tank-. 

.296 

.285 

-3.7 

Center tank - 

.288 

.281 

-2.4 

East tank - - 

. 304 

.290 

-4.6 

2, 5, and 10 per cent solutions: 

August: 




Water..., 

.220 

.231 

+5.0 

2 per cent. 

.227 

.216 

-4.8 

5 per cent 

.209 

.213 

+1.9 

10 per cent 

.215 

. 219 

+1.9 

September: i 

.186 

. 188 

+1.1 

Water 

2 per cent - 

.191 

.382 

-4.7 

5 per cent 

.179 

.174 

-2.8 

10 per cent 

.185 

.178 

-3.8 

October: 




Water — 

.100 

.098 

-2.0 

2 per cent * - 

.108 

.096 

-11.1 

5 per cent 

.108 

.092 

.092 

-14.8 

10 per cent- — 

. 106 

”13.2 

August, September, and October means: 

Water... 1 - 

.168 

. 172 

+2.4 

2 per cent - 

.175 

, 164 

-6.3 

5 per cent 

.165 

. 160 

-3.0 

10 per cent.... — 

. 168 

. 163 

- 3.0 


‘‘ Computed by formula JS==(1.465-0.0186JB) (0.44+0.118 


These results show that it was possible to compute the evaporation 
from sodium sulphate solutions by substituting the wind veiocity, 
barometric pressure, and difference in vapor pressure in the formula 
for the evaporation from water. The agreement between the observed 
and computed evaporation for the sodium sulphate solutions is not 
so close as it is for the water, but the errors are not large except for 
the October observations. For this series, the deviation may be due 
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to tlie fact that the solutions started to crystallize on the edges of the 
tanksy thus increasing the area of the evaporating surface as a result 
of the capillary action of the crystals. The means for the entire period 
during wliicli the observations were made on the solutions show a 
close agreement, but the results are necessarily affected by the large 
errors occurring in the October observations. If the October observa- 
tions are disregarded, the results show that the same law holds for 
both the sodium sulphate solutions and the water. 

SUMMARY 

Observations on the effect of oil films on evaporation show that 
evaporation is reduced by the presence of the oil film, and that the 
effectiveness of the film increases with its thickness. Heavy oil 
apparently did not reduce the evaporation as much as light oil, but 
this may have been due to the fact that the evaporation from the 
water surface was small at the time the observations on heavy oil 
were made. The short time in which the oil films were eff'ective in 
reducing* evaporation, due to dissipation by rainfall, wind, and other 
causes, indicates that this method is not economically feasible for 
reducing evaporation from large water surfaces. The relation which 
holds between the meteorological factors, that is, barometric pressure, 
wind velocity, and difference in vapor pressure, and the evaporation 
from free-water surfaces does not hold for water surfaces covered by 
oil films. The temperatures of oil-covered water surfaces are defi- 
nitely higher than those of free-water surfaces similarly exposed. 

Observations on the evaporation from solutions of sodium chloride 
of different strengths, when compared with the evaporation from 
water surfaces, all in exactly similar tanks similarly exposed, show 
that the evaporation from 2 and 5 per cent solutions does not differ 
materially from that from water, but that the evaporation from 10 
and 20 per cent solutions is definitelj^ less than that from water. For. 
the 10 and 20 per cent solutions the evaporation decreases as the 
salt concentration increases. For the entire period of the observa- 
tions, the ratios of the evaporation from the 2, 5, 10, and 20 per cent 
sodium chloride solutions to that from water were respectively 0.97, 
0.98, 0.93, and 0.7S. 

The relation between the rate of evaporation from water and the 
meteorological factors evidently holds also in general for sodium 
chloride solutions. If the vapor pressure is corrected for the effect 
of the sodium chloride, the computed rates of evaporation agree well 
with the observed rates, but the agreement is closer for the weaker 
than for the more concentrated solutions. 

The evaporation from the sodium sulphate solution agrees quite 
closely with the evaporation from water when exposed under similar 
conditions. For the entire period during which the observations 
were taken, the ratio of the evaporation from the 2 per cent solution 
to that from water w^as 1.04, and from the 5 per cent and 10 per cent 
solutions was 0.98. These ratios show no definite trend, but observa- 
tions made on the same tanks when filled with water showed that the 
evaporation from the tank which was later filled with the 5 per cent 
sodium sulphate solution was low, and that the evaporation from the 
tank which was later filled with the 10 per cent solution was high. 
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In general, the evaporation from the sodium sulphate solutions 
follows the same law as the evaporation from wmter. In computations 
of evaporation, of course, the vapor pressure of the water in the solu- 
tion should be corrected for the effect of the salt. As in the case of 
the sodium chloride solutions, the agi’eement between observed and 
computed evaporation w^as closer for the larger than for the smaller 
rates. 

The evaporation law expressed by the formula 

A;=(1.465--0.01S6J?) (0.44 A 0.1 18 IT) {e,-ea) 

wms found to be true for the evaporation from the tanks containing 
water throughout the entire series of tests. 
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THE EFFECT OF LATITUDE, LENGTH OF GROWING 
SEASON, AND PLACE OP ORIGIN OF SEED ON THE 
YIELD OF COTTON VARIETIES ' 


By G. A. Ham 

Assistant Agronomist^ Georgia Agricultural Experiment Station 

INTRODUCTION 

The determination of the inherent yielding ability of seed from 
diflerent cotton varieties under local field conditions is one of tlie 
projects in agronomy underway at all of the Cotton Belt experiment 
stations. According to Cook 'p, 11)^ there are probably from 200 
to 300 named varieties available for testing. These so-called varieties 
were developed in various ways, and under a wide range of growing 
conditions. The multiplicity of environmental factors affecting yield, 
such as soil, prevalence of insects and diseases, amount of light, sun- 
shine, heat, moisture, length of growing season, place of testing, and 
the conditions under which the seed were produced, make an analysis 
of cotton varietal yields difficult even for a single location. 

Very little work has been reported on the effect of latitude, length 
of growing season, and place of origin of seed on the yield of cotton 
varieties. Winters, as reported by Brown (f, p, 2S6\ selected and 
increased a strain of the King variety of cotton at West Raleigh, 
N. C., for two years. In 1916 the selected seed was divided, and one 
half was grown at West Raleigh and the other half at Agricultural 
College, Miss. During 1917 and 1918, the Mississippi-grown seed 
was compared with the North Carolina-grown seed at both places. 
At Agricultural College, Miss., it was found that seed grown there pro- 
duced taller plants and more bolls than did seed from the original lot 
grown at West Raleigh, N. C. In the corresponding tests made in 
North Carolina, Mississippi-grown seed also made the best growth 
and slightly better yields. 

MATERIALS AND METHODS 

The yield data for as many varieties and locations as were available 
for recent years were used in this study. Seasonal averages of not 
less than three years for lint or seed cotton yields were obtained from 
published reports or were compiled from them and from type sheets 
furnished by those in charge of cotton-variety testing in Texas, Okla- 
homa, Missouri, Arkansas, Louisiana, Mississippi, Teimessee, Ala- 
bama, Georgia, and South Carolina. The source given for each 
variety during the years making up the average yields may not be 
exact, as in some cases it was necessary to assume that seed was 
obtained from the same place every year. 

The approximate latitude of the places of origin of the seed and of 
the places where the tests were made was determined from maps (S) 
giving the latitude to one-half degree, except for Texas where the 

1 Beceived for publication Oct. 18, 1932; issued May, 1933. Published as paper No. 35, Journal Series of 
the Georgia Agricultural Experiment Station. 

2 Keference is made by number (italic) to Literature Cited, p. 737. 
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latitude was given in a whole degree, or approximately 70 miles. The 
approximate average number of frost-free days, or the average number 
of days free of lolling frost, at the places of origin and places where 
tested was determined from a map (7, j)- U) prepared by the United 
States Weather Bureau. The data are not presented for the 37 test 
locations as the correlations given summarize the results of this phase 
of the work. 

The map (fig. 1) of the United States Cotton Belt shows the location 
of varietal experiments and the approximate number of annual frost- 
free days for each location included in the correlation study. 

Two simple correlation coefficients were calculated to express 
matliematically the tendency of varieties with high yields to have 
places of origin of seed similar in latitude and length of growing season 
to those where the tests are made. Eelationships were studied 
between the relative yield (highest-yielding variety equaling^ 100 per 
cent) of each variety and the difference in latitude, and the difference 
in the annual nimiber of frost-free days, at each of the 37 test locations, 
and the place of origin of the seed, of each variety tested. The num- 
ber of varieties at each location varied from 4 to 26, making it possible 
to include 406 sets of observations in each correlation ^tudy. 

In order to get additional information on the adaptation of cotton 
seed, another study was made in which the yield of a local or unnamed 
variety in 68 tests was compared with the average yields of introduced 
seed of named varieties. The results of this study are given in Table 1 . 

Table 1. — Comparison of yield from introduced and locally grown cottonseed in 68 

tests at 37 locations 


Acre yield of— 


Place tested 

Year 

Varie- 

ties 

tested 

Rank 
of local 
seed in 
yield 

Local seed 

Average all 
varieties 

Difference in 
favor of local 
seed 

Lint 

Seed 

cotton 

Lint 

Seed 

cotton 

Lint 

Seed 

cotton 



Number 


Pounds 

Pounds 

Founds 

Pounds 

Pmmds 

Pounds 

Burdette, Ark 

1920 

22 

1 


1, 083 


866 


+217 

Port Smith, Ark 

1920 

8 

1 

... 

1, 210 


1, 070 


+ 140 

Do 1 

1922 

8 

4 


'475 


' 468 


+7 

Baher, Ark 

1920 

8 



887 


888 


— 1 

Heber Springs, Ark. 

1920 

8 

4 


1, 427 


1, 403 


+24 

Do/,..,!- 

1921 

10 

4 


'303 


' 335 


-32 

Blythevilie, Ark 

1922 

8 

5 


1, 537 


1, 571 


-34 

Wynne, Ark 

1922 

8 

5 


‘ 633 


' 706 


-73 

Waldron, Ark 

1922 

8 

1 


528 


277 


+251 

Gregory, Ark...- .. 

1922 

8 

1 


1, 110 


998 


4-112 

Do.. - j 

1923 

13 

i- 8 


' 273 


368 


— 95 

■ Do 1 

1924 

17 

15 


1, 103 


1, 361 


■—258 

Morrilton, Ark., ..i 

1920 

7 

4 


1,993 


1, 917 


+76 

Brickevs, Ark. 

1920 

8 

5 


‘ 860 


' 893 


—33 

Derinott, Ark. 

1920 

8 

7 


790 


953 


— 163 

Marianna, Ark _ . . 

1921 

9 

3 


1,553 


1, 182 


+371 

Bryant, Ark 

1921 

8 

i 5 


636 


648 


—12 

Do 

1921 i 

-7 

2 


672 

j.. .. . . 

516 


+156 

Magnolia, Ark . . . . . 

1921 

8 

9 


286 


359 


, —74. 

Bonnerdale, Ark__ 

1922 

8 

6 


334 


358 


■ .-24 

Pocahontas, Ark. .. ..... 

1922 

8 

1 


1,300 


911 


+389 

Bobroy , Ark . . _ . . 

1923 

19 

13 


779 


872 


—93 

Laurel Hill, Pla.. - 

1928 

5 

4 


867 


989 


—122 

■"Do. 

1930 

19 

6 

314 


311 


+3 


Sylacauga, Ala. .. 

1928 

26 

11 

159 


152 


4-7 


Do.-.. ' 

1929 

32 

14 

269 


257 


+12 


Cedar Bluff, Ala.. 

1928 

26 

22 

325 


405 


—80 


Do..— ..... 

1929 

32 

6 

425 


358 


+67 


Belle Mina, Ala .. 

1928 

26 

10 

456 


432 


4*24 


Do 

1930 

33 

16 

243 


244 


—1 


Do... 

1931 

28 

6 

457 


408 ! 


+49 
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Table 1. — Comparison of yield from introduced and locally grown cottonseed in 6S 
tests at 37 locations — Continued 


Place tested 

A"ear 

Varie- 

ties 

tested 

Rank 
of local 
seed in 
yield 

Acre yi 

Local seed 

eld of— 

- 

Average all 
varieties 

Difference In 
favor of local 
seed 

Lint 

Seed 

cotton 

Lint 

Seed 

cotton 

Lint 

Seed 

cotton 



Number 


Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Alexandria, Ala 

1928 

26 

5 

173 


145 


+28 


Do 

1930 

33 

20 

218 


226 


—8 


Do 

1931 

28 

12 

328 


323 


+5 


Andalusia, Ala 

1928 

19 

16 

2S:i 


320 


-37 


Do 

1929 

19 

2 

343 


309 


+34 


Do. 

1930 

22 

g 

174 


162 


+12 


Do 

1931 

21 

5 

519 

- .... 

569 




Crossville, Ala _ . . 

1929 

32 


446 


417 


+29 


Do 

1930 

33 

14 

446 


428 


+18 


Do 

1931 

28 

18 

606 


628 


-22 


Auburn, Ala 

1929 

20 

15 

275 


292 


-17 


Do 

1930 

97 

8 

381 


364 


+17 


Do 

1930 

33 

12 

503 


469 


+34 


Do A. 

1931 

34 

3 

527 


452 


+75 


Do 

1931 

19 

6 

376 


360 


■+16 


Prattville, Ala 

1929 

19 


382 


366 


+10 

-f20 


Do 

1930 

22 

3 

212 


186 



Do 

1930 

33 

4 

212 


161 




Do 

1931 

28 

16 

504 




^3 


Do - ... 

1931 

19 

8 

496 


491 


+5 


Benton, Ala 

1929 

19 

1 

131 


98 


+33 


Do .. 

1930 

22 i 

8 ^ 

394 


367 


+27 


Do 

1931 

20 

3 

426 


507 


-81 


Headland, Ala... . 

1929 

19 

6 

385 


369 


+16 


Do 

1930 

24 

3 

628 


574 


+54 


Do 

1931 

21 

2 

274 


335 


-61 


La Payette, Ala 

1930 

33 

13 : 

379 


348 


+31 


Do 

1931 

27 

23 

462 


394 


+68 


Benton, Ala 

1930 

22 

10 

326 


322 


+4 


Alice ville, Ala. 

1931 

19 

‘ 14 

552 


529 


+23 


Do .... 

1931 

28 

i 20 

536 


569 


-33 


Monroeville, Ala 

1931 

19 

15 

366 i 


321 


+45 


Gastnnhuro;, Ala 

1931 

28 

! 5 

448 ! 


503 


-55 


Rome, Ga 

1931 

25 

i 5 ! 

390 


338 


+52 


Port Valiev, Ga _ i 

1931 

23 

' 9 1 

573 1 


555 


+18 


namagie, Da, i 

1931 

23 

11 

379 


384 


— 5 


Wa,3^nasbnrn, Ga * 

1931 

23 

17 ! 

344 


376 


-32 












Average 


20 

8 

379±13 

893±65 

370±13 

SGidteo 

9±18 

32±88 


EXPERIMENTAL RESULTS 

CORRELATIONS BETWEEN YIELD AND LATITUDE AND YIELD AND NUMBER OP 

PROST-PREE DAYS 

Correlation coefficients of —0.143 and -0.118 were found between 
relative yield and differences in latitude and differences in number of 
frost-free days, respectively. While the coefficients are small, the 
large number of observations justify the conclusion that there is a 
significant correlation between the yield of cotton varieties and their 
place of origin. 

According to the tables prepared by Wallace and Snedecor (S, 
2 ?. b when the number of observations is 400, the least significant 
value of r is 0.098, while 0.128 is the least highly significant value. 
The negative coefficients show that high relative yield is associated 
with small differences between the latitude and the annual number of 
frost-free days for the test locations and the places of origin of seed 
of the varieties tested. 




FiaxiRE 1. — United States Cotton Belt showing location, and approximate number of frost-free days for experiments used in the correlation study 
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COMPARISON OF LOCAL AND INTRODUCED COTTONSEED 

Table 1 gh' es the average Aneld of all named or introduced varieties 
and the yield and rank of the locally grown cottonseed of unnamed 
kinds in 68 varietal tests at 37 places in Arkansas, Florida, Alabama, 
and Georgia. The differences in favor of the yield of local seed for 
each location is given as well as the average yields for all tests where 
local and introduced seed are compared. The average acre yields 
of seed cotton in 23 experiments are reported, and average yields of lint 
in 45 experiments. The yield of local or home-grown seed exceeded 
that of all varieties by 32 ± 88 pounds per acre of seed cotton and by 
9 ±18 pounds per acre of lint. In 41, or 60.3 per cent, of the 68 
tests tabulated, the locally grown seed outyielded that brought in 
from other places and latitudes for the experiments. The average 
number of Amrieties in each test was 20, and the aAmrage rank of local 
seed in yield was 8 . 

DISCUSSION 

The coiTclation coefficient of ~ 0.143 between the relative yield and 
the difference in latitude of the place of origin and location of the 
varietal test may be considered highly significant. It shows that 
there is a strong tendency for cotton to pi'oduce high yields Avhen the 
seed is grown in the same latitude as the place where it is tested. 
No data are aA^ailable as to the length of time necessary for this cli- 
matic adaptation, but it is probable that at least three or four years are 
necessary. 

The correlation coefficient of —0.118 between the relative yield 
and the difference in frost-free days at the place of origin and the 
location of the Amrietal test may be considered as significant. This 
coefficient indicates that the number of frost-free days where varieties 
originate has about as much effect on their yielding ability as the 
latitude at the place of origin. This would be expected, as the length 
of the growing season largely determines the amount of heat and light 
available for plant growth. This should have as much influence on 
varietal characters as the distance from the equator, because of differ- 
ences in altitude and other conditions. For example, Figure 1 shows 
that Crossville, Ala., and Florence, S. C., are located at approximately 
the same latitude; yet the annual average number of frost-free days 
at Crossville is approximately 35 days less than at Florence. 

In interpreting the data presented in Table 1 in which comparisons 
are made between the yield of local and introduced cottonseed, it 
should be remembered that the local seed of unnamed A^arieties were 
in most instances badly mixed and considered undesirable for planting 
purposes. The introduced seed were of so-called purebred varieties 
from the best cotton breeders. While the aA^erage difference in yield 
in favor of home-grown seed is not statistically significant, it certainly 
suggests that there is an adA^antage in growing cotton from seed 
produced under local conditions. 

The importance of natural selection in cotton breeding, and the 
part that local climatic conditions play in the acclimatization and 
adaptation of a local or introduced cotton A^ariety, are probably not 
fully appreciated by many who think the methods and skill of cotton 
breeders largely determine their success in the breeding of locally 
and widely adapted cotton varieties. A correlation study (d, p: 10) 
showed no significant relationship between the yield of cotton plant 
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selections and tlieir pi’ogeiiy, although most of the present cotton 
varieties were developed by the plaiit-to-row method. 

Angleton, Tex.j approximate latitude 29° 15^, located in the extreme 
southern edge of the Cotton Belt, has an average length of day of about 
14.1 hours on June 21 (J, p. 10) while Wyatt, Mo., with an approxi- 
mate latitude of 36° 45', located in the extreme northern edge, has 
about 14.8 hours of daylight on the same date. The difference in the 
length of day and the total amount of light available for plant use at 
the various latitudes included in this study is not great, but as the 
cotton plant is very sensitive to low temperatures, there is a difihrence 
of about two months in planting dates at the southern and northern 
edges of this territory. 

The cotton plant is sensitive to sunlight and does not fruit well 
without an abundance of it. The percentage of the total possible 
amount of sunshine {9) during the growing season for the Cotton 
Belt varies more with changes in longitude than with latitude. 
Oklahoma and w^est Texas get from 70 to 80 per cent while much of 
Georgia and Alabama get only 50 to 55 per cent of the total or possible 
amount of sunshine during the summer. None of the Texas varieties 
tested east of that State made high yields. It is likely that differences 
in amount of sunshine in the eastern and w^estern parts of the Cotton 
Belt account in part for the poor adaptation of western cottons to 
eastern conditions. 

The amount of rainfall for the Cotton Belt (J, p. 26-B7) also 
varies more with changes in longitude than with latitude, but not so 
much as does the amount of sunshine. The eastern part of the 
Cotton Belt and much of the territory along the Gulf coast has an 
average summer precipitation of from 14 to 19 inches, while most of 
the central and western parts get only about 8 to 14 inches of rainfall 
during the three summer months. 

Another variable in growing conditions at different locations in 
the Cotton Belt is the infestation and damage b.y the cotton boll 
w^eevil (Anthonomus grandis). The length of growing season as 
measured by the number of frost-free days may be much greater in 
southern latitudes and at low altitudes than in northern latitudes and 
at high altitudes, but because of the nature of boll-weevil activities 
the cotton-fruiting period is often about the same length of time. 
Much of the northern part of the Cotton Belt is free, or practically so, 
of boll-weevil damage, while the southern half and most of the Atlantic 
Coastal Plain is infested with boll weevils every year. Boll-weevil 
infestation tends to shorten the normal length of fruiting period by 
preventing cotton from setting and maturing bolls during the latter 
part of its normal fruiting period. Varieties bred for short growing 
seasons in northern latitudes may sometimes be better adapted to 
southern latitudes than are varieties bred for long growing periods, 
especially during seasons favorable to the boll weevil. 

The differences in climatic, boll-weevil, and soil conditions at 
different locations in the Cotton Belt may explain, at least in part, 
the observed tendency for locally grown seed to outyield seed from 
distant places. 

SUMMARY 

The approximate latitude and number of frost-free days was deter- 
mined for 37 locations where cotton varietal tests have been conducted 
for a period of at least three years. The same data, the relative yield, 
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the average annual yield, and the place of origin of seed was deter- 
mined for the varieties tested at each. A correlation coefficient of 
“0.143 for relative yield and differences in latitude at the test 
location and place of origin was found. A coefficient of “ 0.118 for 
relative yield and differences in number of frost-free days at test 
location and place of origin was found. 

Information on the comparative yielding ability of local and 
introduced cottonseed in 68 experiments located in four States is 
given. Locally grown seed outyielded introduced seed in 60.3 per 
cent of the places where the average yield of all named varieties was 
compared with the yield of local seed. 
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THE HAIRY-VETCH BRUCHID, BRUCHUS BRACHIALIS 
FAHRAEUS, IN THE UNITED STATES ' 

By J . C. Brid WELL, formerly Specialist in Bruchidae and Their Parasites, Division 
of Stored Product Insects^ Bureau of Entomology, and L. J. Bottimer, Assistayit 
Entomologist, Food and Drug Administration, United States Department of 
Agriculture 

INTRODUCTION 

The genus Bruchus was restricted by Schilsky (6) - to include only 
the immediate allies of Bruchus pisormn (L.), the pea weevil, of which 
he tabulated 24 species known to him. To these may be added others 
doubtfully distinct, imperfectly known, or more recently described, 
which increase the nominiil species of the genus to a total of about 46. 
All these species are native to the Palearctic region. Two of them are 
.already well known in the United States as major pests of the plants 
affected. B, pisorum was the first of the genus and one of the first 
species of the family to be recognized. It was described in 1752, and 
was recorded as having destroyed in the 1740’s the floxirisliing colonial 
Amexican industry of producing dry peas for ships’ stores. B. ruji- 
Boheman, the broadbean weevil, has now practically destroyed 
the broadbean industry of California. A third species, B. brachialis 
Fahraeus, has in recent years gained a foothold in this country, for 
in 1931 the junior author found it heavily infesting the seeds of vetches 
growing in New Jersey, Delaware, Maryland, and North Carolina, 
and in 1932 it was found in Virginia. In view of these facts it seems 
wise to present a brief summary of the knowledge at present available 
of the habits of the members of this genus and to point out the 
increased danger of their establishment in the United States as a 
result of changed commercial conditions. 

FOOD PLANTS OF BRUCHUS (RESTRICTED)^ 

All species of Bruchus of which we have credible records ^ feed as 
larvae in seeds of plants of the leguminous tribe Vicieae, infesting the 
pods in the field before they ripen. They are unable to reinfest the 
seed in storage. 


1 Received for publication June 30, 1932; issued May, 1933. 

2 Reference is made by number (italic) to Literature Cited, p. 750. 

3 Unless otherwise indicated, the records of host plants of the species herein discussed are all based upon 

determinations, made by the senior author of insects associated with their host seeds contained in the 
collections of the U. S. National Museum. A large part of this material was obtained in routine 
inspection work by officers of the Federal Horticultural Board and its successor, the Plant Quarantine 
and Control Administration (now the Bureau of Plant Quarantine), of the U. S. Department of 
Agriculture. Much of the seed material was imported by the Division of Foreign Plant Introduction 
for the experimental work of the Bureau of Plant Industry. The determination of the seeds has been 
verified by Roland McKee, in charge of investigations of the vetchlike plants, or by H. 0. Skeels, in 
charge of the seed collection of the Division of Foreign Plant Introduction. To both of these men the 
writers are indebted for assistance in botanical and agricnltural matters in the preparation of the present 
work. ■ ; ■ 

. i Records of species affecting the seeds of Lotus, Ulex, Phaseolus, Oxytropis, and Lupmus are not con- 
sidered credible. They seem to be based upon visits of adult bruehids to flowers or extrafloral neetaries, 
upon erroneous Identiflcation of seeds affected, or upon mistaken interpretations of the li|erature. 
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The tribe Yieieae includes the genera Yicia, Lathyrus, Lentilla (or 
Lens), Pisiim, Cicer, and Abriis. "Cicer (which includes; O. anetinum, 
L., the chickpea, garbanzo, or gram) and Abriis (including A. freca- 
tofim L., the rosary-pea) are known to be infested by other Briichidae, 
but no species of Bnichus Kas yet been recorded as affecting either 
genus. The other host genera all have some species affected; in some 
instances two or more genera may be attacked by one species of 
Bruchiis.^'^ These genera are very closely allied and merge into one 
another imperceptibly, particiilaiiy in the characters of seeds and 
pods, so that their separation is more or less conventional, being based 
on usage rather than on sound botanical differences.^ T?he seeds of 
Yicia, Lathyrus, and Pisiini are often not easily distinguished as to 
species, or even as to genus, by botanists familiar with the plants. 
Hence, man}" records of host plants of species of Bruchus are indefinite 
from lack of specific determination of the plants affected or erroneous 
from misdetermination of the plant. Furthermore, the species of 
Bruch us are difficult to recognize and frequent^ have been determined 
wrongly. The records of attacks upon definite species of Vicieae ain 
surprising^ few, and these few are less to be depended upon than is 
desirable. 

Lentilla lens (L.) W. F. Wight (Jjens esculenta Moensch), the lentil, 
is affected by Bruchus lentis Froelich, B, ervi Froelich, B, signaticornis 
Gyllenhal (jpallidicornis Boheman), and B, rufimanus Boheman. The 
first two species are not known to affect other host plants. B, signati- 
cornis is also found in the lentil-lilce seeds of Vida monanihos Desfon- 
taines. B. rufimanus seems to attack lentils only incidentally. The 
cultivation of lentils has been repeatedly abandoned in various parts 
of Europe on account of the attacks of one or another of the lentil 
briichids. The writers have found no records of bruchids attacking 
the seeds of other species of Lentilla than those mentioned. 

Pisum satimim L., the common pea with its varieties, is attacked by 
Bruchus insorum (L.), B, emarginatus Allard, B. tristiculus Fahraeus, 
and perhaps by B. tristis Boheman. B, emarginatus seems to be the 
species that attacks the pea in India which has sometimes been deter- 
mined as B, afiinis Froelich. It is evidently quite as much a pea pest 
as the better known B. f isorum. B. tristiculus is more often found in 
seeds of Lathyrus. The writers have not been able to verify the 
records of B. tristis attacking the pea, and it is possible that they may 
be based on misdeterminations of B. tristiculus. Peyerimhoff (10, p. 
36fi) has reported the pea weevil breeding in seeds of P, elatius 
Biebemtein, the reputed ancestor of the pea, in northern Africa, and 
the writers have found it in this species from Tiflis. The writers have 
discovered no records of the other species of Pisum being attacked by 
Bruchidae. . 

The species of the genus Lathyrus are not very familiar to laymen 
in the United States except L. odoratus L., the sweet pea. There is 
a considerable industry in the production of the seed of this species 
in California which is definitely threatened by thq likelihood that 
Bruchus affiniSj B. tristis ^ B. tristiculus y slid. B. ruiipes Herbst® will 

* It should not b€ inferred that species of Bruchus are the only Bruchidae affecting plants of the other 
genera of the tribe Vici^e. Certain specif of Bruchidius and Callosobruchus affect a number of them. 

of Bruchidius may be as definitely atta^ed to some of them as the pea w^eevil is to the pea. 

® teiUTO this paragraph was written Bruchus rnfip^s has been intercepted by inspectors of the Bureau of 
Quarantine in seeds of sweet pea (LaUkfrus odorattw), common vetch (Vicia satirn), and hairy vetch 
all, of European origin. .. ^ ... 
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be introduced in sweet peas or the seeds of other species of Lathyrus, 
particularly L. satwus L.^ The grass pea (L. sativus) is an important 
food grain in the south of Europe and in India and is also imported 
into the United States for use as food. The Tangier pea (i. tingi- 
tanus L.) has been grown experimentally as a forage and green-manure 
plant, but it has not yet made a place for itself in our agriculture. 
Other species have also been grown as ornamentals, and still others 
experimentally as forage crops. B. vermsfus Fahraeus, B. vidae 
Olivier, B. loti Paykull, B\ rufipes^ B, tristis^ B. tristiculuSj B, affinisj 
and B. atomarius (L.) are more or less definitely known to breed in 
seeds of some species of Lathyius. B, altaicus Fahraeus was described 
from the seeds of L. tuberosus L. from the Altai Mountains in central 
Asia, and the wuiters have recently determined as this species a 
bruehid found in the seeds of an undetermined species of Vicia from 
Turkestan. 

Several species of Vicia are used for forage, hay, and green-manure 
plants, and the seeds of some of them are occasionally used for human 
food. Vicia faba L. (the broadbean) is a common food of man. 
Bruchus rujimanus seems to prefer V. jaba as host and is principally 
known as an enemy of that plant. Peyerimhoff (10, p. 365) has 
recorded it as bred from V. vestita Boissier, which is a synonym of 
V. lutea L., in which the present writers have also found it breeding. 
The writers^ notes also record it from U. monanthos Desfontaines, 
V. satim leucosperma Moench, V. narbonensis L., and Lentilla lens. 
B. dentipes (Baudi) is reported from V. faba, and the writers have 
determined it from a wfild Vicia from Haifa,- Palestine. Bekman (4) 
records B. dentipes Baudi from F. hyreana {^^hjrcanim Fischer and 
Meyer). As before indicated, the writers have determined B. signa- 
ticornis from seeds of V. monanthos from Madrid, Spain. B. viciae 
Olivier, B, atomarius (L.), B. ulicis Mulsant and Key, B. Tudpes 
Herbst, B. griseomaculatus Gyllenhal, and B. brachialis Fahraeus are 
all recorded as breeding in seeds of species of Vicia. 

COMMERCIAL CONDITIONS AFFECTING THE DISTRIBUTION OF 

BRUCHIDAE 

The establishment of Bruchus brachialis in the eastern part of the 
United States is the result of a post-war speeding up of agricultural 
commerce which has increased the chances of introducing exotic 
Bruchidae into this country. Formerly commercial operations were 
so slow that seeds were not distributed in this country lintil a year 
or more after they were harvested. The bruchids in them therefore 
had time to emerge and if they were unable to reinfest the seed they 
died before they were scattered over the country. Within the last 
20 years the principal shipping points of hairy-vetch seed imported 
into the United States have been changed from Baltic to Adriatic 
ports, where the earlier season makes it possible for the seed to be 
ready for market in the same season in which it is harvested. It is 
also much more certainly infested by .B. brachialis in southern Europe 
than in the more northerly regions. 

During the last three years several lots of living bruchids have been 
noticed in seeds imported under regular trade conditions, whereas in 
previous consignments the insects in the seeds examined were dead. 
Bruchus brachialis is, the seventh species of Bruchidae known to have 
been accidentally established in continental United States. 


« See note on page 740. 
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HISTORY OF BRUCHUS BRACHIALIS 

Br-uchm brarhialis was described by Fahraeiis {13, p. 79) from speci- 
mens sent to SclioeiilieiT for description by Chevrolat, the material 
coming from Tours, France. 

Mulsant and Key (8, p. 33) described the male of brachialis as pal- 
lidiemmis Schoenherr, and gave the hrst description of its distinctive 
sexual characters, 

Allard (i) renamed pallidicorms Mulsant and Key (not Gyllenhal) 
as nificor'nis, and added Sicil^^ to France as its habitat. 

Perris (9, p. 237) records that in September, 1874: 

I fanned some wheat * * Under the fan the seeds of vetch and the 

Bruchus from them had accumulated in such numbers as to cover the ground. 
I noticed inaii}^ Bruchus pisi [pisorum] and granariiis [atomarius] with which I was 
not concerned, and persuaded myself the rest were nubilus [rufipes]. Entirely 
by chance, I picked up a few of them and saw that nuhilus was in a very small 
minority and that the rest belonged to one or two species unfamiliar to me, 
though T might have mistaken them for seriatus [ervi] or pallidicornis [signaii- 
cornisjj if I did not know that those species live in lentils. To have some for 
study when not too much pressed for time I collected some hundreds of them 
and found the two species to be brachialis Fahr. and riificornis AIL, which accord- 
ing to Mr. x4Iiard himself is only the male of brachialis. 

Here then is an insect which, judged by catalogues of rich collections, which 
I had run through recently, my colleagues do not have, which I did not myself 
possess, and of which, doubtless, I may take thousands more, for there are always, 
to nourish them, enough vetches among the wheat. 

Baud! (2, p. 13, 16) described the species, placed it in Mylabris, 
and extended its range to include ^^all Italy and its Islands, Dalmatia, 
France, Spain, and Algeria/’ 

Bedel (S, p. 357) placed it in Laria, gave its range in France as 
south of the Loire River, and added the record of its occurrence in 
Asia Minor. 

Marchal (7) gives an account so pertinent to the present occasion 
that it is quoted in its entirety. Now, after nearly 30 years, his 
prediction of its establishment in this country has been fulfilled. The 
account is as follows : 

Perris has already indicated the presence of Laria brachialis Fahraeus in the 
seeds of vetches growing in fields of wheat. He found it there in quantity, 
associated with some other species, in seeds of V’icia accumulated under a fan 
which had just been used for cleaning wheat. The specific name of the plant 
was not definitely indicated by the author. 

Examination of a package received through Mr, Hariot, preparator at the 
Museum, results in finding this insect attacking the seeds of vetches cultivated 
as forage plants and notably those of Vida villosa. The seeds of this plant sent 
to me were strongly infested by Laria brachialis, each seed attacked containing 
one: of these insects. ■ 

It should be noted that Vicia villosa is a plant of northern, eastern, and central 
Europe and does not grow wild in France. It has, however, for some years been 
cultivated frequently as a forage plant. On the other hand, Laria brachialis is a 
species belonging in the south of Europe and [according to Bedel] does not reach 
above the Loire in France except accidently. Apparently, then, it is only recently 
that this insect has adapted itself to Vicia villosa. [This inference may be doubted.] 

Not only in France is this plant menaced by this insect, which like all bruchids 
attacking plants under cultivation doubtless wull not delay becoming cosmopoli- 
tan. The seeds sent to me had, indeed, beeri supplied by a French seed house and 
forwarded to Canada, whence they had been returned to France for examination 
of the insects contained in them. The approaching naturalization of Laria 
in America is an event to be foreseen. 
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Schilsky {6^ No. 29) placed the species in Bruclius as restricted by 
himself and gave the most recent and most careful description of thn 
species, a translation of which follows: 

Bruchus hrachialis Fahraeus, Ovate, black, covered with sparse fuscous pubes- 
cence beneath, sides of breast and venter whitish-maculate; proiiotum and 
elytra whitish- variegate; pygidium covered wdth whitish-cinereous pubescence; 
prothorax almost twice as broad as long, sides parallel behind, dentate in the 
middle, hind angles rectangular; elytra short; front legs rufotestaceous, hind 
femora strongly dentate, hind tibiae ending in tw^o spines at apex beneath. 
Length, 3-3.5 mm. 

Male, xA.ntennae rufotestaceous, joints 6 to 10 depressed, strongly transverse; 
front tibiae stout, compressed, slightly arcuate; middle tibiae curved, armed at 
apex with a truncate mucro. 

Female. Antennae a little less depressed, black, first four or five joints and the 
last (and the front legs also) rufotestaceous; front femora black at base; front 
tibiae linear. 

Variety a [male] with antennae infuscate in the middle; variety b [male], front 
femora black; variety c [female], front femora and last joint of antennae black; 
variety d [female], tw^o joints of antennae rufous or ferruginous; variety e [female], 
antennae rufotestaceous, joints 6-7 or 6-9 infuscate; variety f [female], antennae 
bright rufotestaceous (Erivan); variety g [female], last joint of antennae black, 
middle tarsi rufescent. Nyons (from Baudi). 

[Bibliography omitted.] 

Antennae differing in color in the sexes as in Br. pallidicornis; front tibiae of 
male in both species widened but the fasciate markings of elytra lacking [in 
brachialis]; middle tibiae and tarsi black, the middle tibiae of males have very 
different characters. Body black, oval, similar to aiomarius, sparse very short 
pubescence beneath, sides of breast and sternites with usual brighter maculae, 
brownish and dirty wiiite variegate above, indefinite white markings of elytra not 
distinctly transverse-fasciate; scutellum and a macula in front of it wiiitish. 
pubescent; pygidium evenly cinereous, generally with two small indistinct spots; 
pronotum almost twice as broad as long, densely riigosely punctured, the sides 
parallel behind, a small denticle in the middle, hind angles right angles, sides not 
emarginate in front of the angles; elytra short, oval, the striae fine, almost im- 
punctate; hind femora strongly toothed, hind tibiae within with tw^o equal very 
short spinules at apex. 

Male. Antennae yellow, rarely infuscate in the middle (variety a), compressed, 
joints 2 to 4 fully as long as broad, or shorter, 5 considerably broader, the follow- 
ing joints very strongly transverse, emarginate at apex; front legs reddish yellow, 
their tibiae broad, compressed, parallel-sided, hence not arciiately expanded on 
the outer side [as t is in signaiicornisj the other common species with broad front 
tibiae in the male]; middle tibiae curved downw’ard, with a black, truncate plate 
at apex directed backward. In one male from Dalmatia (von Heyden collection) 
the middle tarsi are red. 

Female. Antennae narrower, black; the 4 or 5 basal joints and the last, 
rarely the last two (variety d), reddish yellow” rarely [are] the antennae red- 
dish yellow^ infuscate in the middle (variety e) ; base of the yellow front femora 
generally black to the middle, rarely entirely black (variety b); in some cases the 
last joint of the antennae is also black (variety c). 

In central and southern Europe, in Asia Minor (Erivan, Anatolia), in Algeria, 

SYNOPTIC TABLE OF THE NEAREST ALLIES OF BRUCHnS 

BRACHIALIS 

According to Schilsky (6, No, 12), Bmchus hamatus MiUer (12, /p, 
228) from Greece and Asia Minor is vei'y closely allied to B. hrachialis, 
but the pronotum is much less transverse and the pale dots on the 
elytra are arranged in two indistinct fasciae. The male hamatus Ims 
the secondary sexual characters of brachialis, but the fifth joint of the 
antennae is produced into a tooth or spine such that if the following 
joints were modified in the same manner the antennae would be 
pectinate. This is a rare species and its food plants are imknown. 
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Bniehus venustus Fahraeiis (13 y p. 75) is also closely allied^ to 
braehiaUs, but it lias the hind femora with a small siibbasal denticle 
beneath instead of the usual subapical tooth. It is found in the 
Caucasus, Hungary, and southern France and is considered a rare 
species. 

Bruckus iermmalm Wollaston (14? p- 381) from Teneriffe is appar- 
ently near bracMaliSy but it is more elongate and has more pale pubes- 
cence. The description of the subbifid spine at the apex of the middle 
tibiae would seem to refer to a truncate lamella such as occurs in 
bracMalis, mtmsius, itlidSy ha/malusy and signaticorms. The following 
outline should differentiate the males of this group : 


1 . 

2 . 

3. 

4. 

5. 


Middle tibiae with acute tooth above apical lamella, front tibiae inerassate, 

antennae iisualtY pale ; signaticornis 

Middle tibiae without tooth above apical lamella 2 

Front tibiae inerassate 3 

Front tibiae simple, antennae dark except at base uUcis 

Antennae pale, joint o produced into a tooth, middle femora triangularly 

widened, front legs only pale .^hamatus 

Joint 5 of antennae normal 4 

Hind femora with small denticle near base, without subapical tooth, front 

legs only pale, antennae with joints 1 to S pale, 9 to 11 dark venustus 

Hind femora normal, with subapical tooth 5 

Antennae pale, front legs only pale hrachialis 

Antennae dark, front legs and middle tarsi pale Jerminaius 


ItTs not possible at present to differentiate the females of these 
species or either sex of some other species which are as yet imper- 
fectly known. 

The hamy-vetch briichid may be distinguished readily from the 
other two species of Briichus now known to be established in the 
United States by its smaller size, much more transverse pronotiim, 
greatly reduced pale pubescence, particularly on the elytra, and the 
coloration of the antennae, pale in the male, basal joints and terminal 
joint pale in the female. These three species may be distinguished 
from other North American Bruchidae by the emarginate lateral 
margin of the pronotum with a small distinct tooth before the 
emargination. 


BRUCHUS BRACHIALIS IN THE NATIONAL MUSEUM 

^Brucfms brachioMs has been recorded from no host plant other than 
Viciw villosa Koth. In addition to recently collected material from 
the eastern part of the United States, it is represented in the National 
Museum by three lots of adults with which are preserved seeds of V. 
HIZosa from which they had emerged. The first is from the Chitten- 
den collection and was secured from the French exhibit in the Paris 
Exposition of 1889, The second was secured by the senior author in 
December, 1921, from seeds of V, inllosa imported by a seed film in 
Baltimore. Finding the seeds infested, tliis firm had brought the 
matter to the attention of the United States Department of Agricul- 
tore. The beetles contained in this lot were all dead when examned. 
The seeds were very lightly infested, much less than 1 per cent showing 
the w^ork of -B. bracMMis. The third lot was submitted to the senior 
writer m September, 1930, by the manager of a seed-testing laboratory 
m Washington, D. C. The insects had been found living in samples 
il subnoitted for testing by a Hungarian seed firm 

winch proposed marketing the seeds in the United States. These 
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samples also showed less than 1 per cent infestation. After all the 
emerged briichids had been removed, the seeds Avere kept under 
rigorous quarantine conditions at room temperature tliroiigh the 
following winter, but no additional adults emerged. This suggests 
that at room temperature all the larvae transform and emerge in the 
fall or die before spring. 

LIFE HISTORY OF BRUCHUS BRACHIALIS UNDER CONDITIONS 
PREVAILING IN NEW JERSEY 

Adults of Bruchus brachialis were taken by sweeping in a fallow 
field near Haddon Heights, N. J., on June 12, 1931. On June 17, 
this field was again visited and many adults were collected. At this 
time eggs were being deposited in large numbers on the pods of the 
hairy vetch. Some preliminary observations made by the junior 
writer on the habits of the insect in this and in other patches of vetch 
are given here. 

THE EGG 

The egg is about 0.6 mm long, 0.2 mm wide at the widest point, 
wliich is near the anterior end, and 0.2 mm liigh. Viewed from 
above, it is more or less oblong in outline, with the ends rounded and 
the sides straight, or nearly so, and converging somewhat tow^ard the 
posterior end. The outline is similar w^hen viewnd from the side, and 
from the end it appears nearly circular. The egg is glued lengthwise 
to the outer surface of the pod. The exposed surface is finely wrinkled. 

The freshly deposited egg is a pale yellowish green. The hatched 
egg appears whitish or straw colored, owing to the debris with which 
the shell is filled by the larva in gaining entrance into the pod. In 
the field many of the eggs darken. 

Eggs are deposited on the immature pod after it has attained a 
width of about one-fourth inch. Most of the eggs are placed near 
and parallel to the margins of the pod, with the posterior ends directed 
toward the apex of the latter. Twenty-five or more eggs were seen 
attached to a single pod, but the usual number was between 3 an J 10. 
With the exception of those developed from late flowers, few pods 
escaped attack. 

THE LARVA 

The young larva gains entrance to its host by gnawing a hole 
through the broader end of the chorion of the egg and through the 
thin valve of the legume to w-hich it is attached. It then tmns 
toward the center of the pod in search of a seed. A few larvae do 
not find the seeds and therefore die within the pod. The larva may 
enter the seed at any point, the hilum being often preferred. In the 
ripe seed the entrance hole of the larva may be seen under low mag- 
nification as a small circular hole filled with frass. As many as seven 
entrance holes have been noted in a single seed, but rarely does more 
than one larva develop. 

Once inside the seed, the larva develops rapidly, feeding upon the 
seed content. During growth the body of the larva is suiTounded by 
dry frass, and when fifll growm it packs this loose material against 
the sides of the cavity made in feeding, to form the oval pupal chambp 
in which it is to transform. The frass is held in place by a thin 
cement substance, which upon drying hardens into a fibrous cocoon 
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Terj resistant to solvents. The full-grown larva often narrowly thins 
the iiiargin of the circular area of the outer seed coat which forms the 
cephalic end of the cell. From the outside this thinned area appears 
as a narrow ring of pale olive green and is rather cohspiciioiis against 
the darker color of the seed. The ring marks the area or 'hap^^ 
which the adult cuts out in emerging. The middle of the cap is often 
thinned, giving it the lighter color. 

The fiill-growm larva is a distinct yellow in color, and in outline 
resembles the larva of the common bean weevil (Mylabris) Acan- 
thoscelides ohUctus (Say) (5). After the larva has finished feeding 
and has the inside of the cap properly thinned and the cell lined, it is 
ready to pupate. Before pupating, however, it passes through a 
prepiipal stage during which the shape of the pupa is gradually 
assumed, the body becoming less curved with a distinct constriction 
at the neck. This change takes place in about two days. 

THE PUPA 

The pupal stage lasts from 5 to 5K days. During the first 3 days 
there is no change in the pale yellow color except in the eyes. Soon 
after pupation minute reddish spots appear along the hind margin of 
the eye. As these spots enlarge and darken, others gradually appear 
toward the front of the eye, the apex of the upper lobe being the last 
area^ to show” the coloring. Each spot occupies the center of a facet, 
the interspaces being the pale body color until the fourth day, when 
the eye has become a uniform dark reddish browm. About this time 
a curved browmish line inside the hind coxal cavity appears and the 
mandibles start to become browm at the apex. The fifth day brings 
considerable change in color, the tarsal claws becoming fuscous at the 
base, and the body, except the abdomen, becoming various shades of 
pale reddish browm, the color being darkest at the articulations of the 
legs. 

THE ADULT 

The adult at first resembles the last stage of the pupa, but in less 
than 12 hours it has become normal in color. The wdngs remain 
exposed beyond the apex of the elytra for a day or two. The abdomen 
is much distended at first and about four days are required for it to 
contract to normal form. The adult is then thoroughly hardened 
and quite active. 

Soon after it is fully hardened the adult cuts around the circular 
cap, pushes it away, and leaves the seed. The exit hole is located 
opposite to or near one end of the seed scar, but does not include any 
part of the scar. The fii'st emergence from caged material collected 
June 17 took place about July 15, and during the rest of July adults 
emerged in enormous numbers from all collections. In the field on 
July 22 many emergences had already taken place and adults were 
numerous m unopened pods. The adult is unable to cut its way 
through the valve of the pod and depends upon the dehiscence of the 
pod for its escape. 

Late pods in condition for oviposition on July 22 were without eggs 
aiid no recently deposited eggs were seen on any pods, indicating that 
the egg-Iaymg season of the overwintering females had been ended for 
some time and that the newly emerged females were not depositing 
eggs. , 
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The life history of Bruchus brachialis, thereforej may be briefly 
stated as follows : The overwintering females deposit eggs on immature 
pods of vetch in Junej and the new generation of adults emerges from 
the seeds during the latter half of July and the first part of August 
but does not deposit eggs until the following June. It has not 
been ascertained that any individuals overwintei" in the seeds. 

QUANTITY OF FOOD CONSUMED AND EXTENT OF INFESTATION 

As the larva does not migrate from one seed to another, the quantity 
of food consumed depends largely upon the size of the seed. This 
often directly affects the size of the adult, for small, poorly developed 
seeds produced adults 2 mm in length while the normal individual is 3 
to 3.5 mm long. The entire content of the smaller seed is eaten, but 
the larger seed contains more food than is required by the larva. It is 
unlikely that a seed in which a larva has developed would be able to 
germinate. 

A small representative sample of hairy-vetch seed from the first 
pods to ripen at Haddon Heights, N. J., wms examined and the infesta- 
tion noted. Of 785 seeds, 15 were not at all developed and are not 
considered. Of the remaining 770 seeds, 591 (76.7 per cent) produced 
adults or had pupae or full-grown larvae when opened, 32 (4.2 per 
cent) contained larvae that had died soon after entering the seed, and 
147 (19.1 per cent) were not infested. This gives a total infestation 
of 80.9 per cent. One hundred of the uninfested seeds weighed 2.1 
grams. Thus 1 pound would contain about 21,600 seeds, which would 
theoretically produce more than 17,000 bruchids. 

PARASITES 

The common bruchid egg parasite, Uscana semijumipennis Girault, 
was not noted to attack the eggs of Bruchus brachiaUs^ but it should be 
expected to do so. 

Six species of native American Chalcidoidea usually affecting 
coleopterous larvae and pupae in similar habitats w^ere found par- 
asitizing Bruchus brachialis in Vida villosa at Haddon Heights late 
in July and in August, 1931. These species, kindly determined for the 
writers by A, B. Gahan, of the Bureau of Entomology, are Eupelmus 
cyaniceps amicus Gir., Eupelminus saltator (Lindemann), Microdon- 
tomerus anthommi (Crawford), Zatropis incertus (Aslnn.), Hahrocytm 
sp., and Eurytoma tylodermafis Ashm. These species, except E.saUa- 
tor, have been previously recorded as enemies of Bruchidae, but, as 
suggested, they are not in any peculiar sense brucliid parasites. 

PRESENT DISTRIBUTION IN THE UNITED STATES 

Bruchus brachialis is thus far known from five States— New Jersey, 
Delaware, Maryland, North Caiolina, and Virginia. Numerous 
infestations in New Jersey were found, involving Camden, Burlington, 
Atlantic, and Cape May Counties, all in the southern part of the State. 
The junior writer reared numbers of the bruchid from vetch pods 
collected by D. P. Perry at Felton, Kent County, Del., July 1, 1931, 
and at Salisbury, Wicomico County, on the Eastern Shore of Maryland 
July 15, 1931. In September, 1931, a small sample of vetch seed was 
received at Haddon Heights, N. J., for experimental planting from 
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Eoiaiid iIcKee, of the Bureau of Plant Industry, United States 
Departnieiit of Agriculture. Tliis lot of seed originated in the vicinity 
of tToodleaf, Eowan County, in the western part of North Carolin^i'? 
where the smooth variety has been grown for several years. Several 
dead adults of B. brachialis were taken from seeds in this lot and a 
nnmber of seeds with emergence holes were also obtained, showing 
that the insect is established in that State. During June, 1932, the 
junior author found this species in additional localities in Maryland, 
in the District of Columbia, and in adiacent Virginia.'^ 

HOST PLANTS OF BRUCHUS BRACHIALIS 

l^icia villosa is the only previously recorded host of Bruchus bra- 
ckialis and is the species involved in the foregoing records. At 
Haddoii Heights, Camden County, N. J., V. cracca L. was found to 
be lightly infested with this species of Bruchus. Normal emergence 
from the seeds was obtained during the first part of August from ma- 
terial collected July 11 and 23, 1931. The habits of the bruchid in 
these hosts, so far as known, are the same as in V. villosa. 

During 1932 the junior author found Bruchus brachialis attacking 
the woolly-pot vetch {Vida dasycarpa Ten.) and the Hungarian vetch 
(U. %mnnonica Crantz) in experimental plantings. Vida angustifolia 
Kotli growing abundantly in a field with V. villosa was not found to 
be infested. 

ECONOMIC RELATIONS OF BRUCHUS BRACHIALIS 

The hairy vetch {Vicia villosa) is an exceedingly adaptable forage 
and green-manure plant highly recommended by the United States 
Department of Agriculture for cultivation in this countiy in sections 
not favorable for the cultivation of alfalfa, red clover, or crimson 
clover. Its cultivation has been gradually increasing, particularly 
on the Atlantic seaboard from Washington south. The planting 
requirements in recent years have called for about 2,000,000 pounds 
of seed, of which about one half has been produced in this country and 
the lymainder imported from Europe. 

Vicia cracca is a circumpolar species extending from Europe across 
northern Asia and America to the Northeastern States, growing wild 
in sections north of those adapted to hairy vetch. It has not been 
found sufiiciently useful in cultivation to compete with fed clover and 
is of little commercial importance although it has most of the good 
qualities of hairy vetch. There is no production of its seed for com- 
mercial purposes. Hungarian vetch (F. panmnica) serves the same 
uses as the hairy vetch and the common vetch and recently has partly 

I'Binm this paper was submitted for publication, notes have been received from G. W. Underhill, associate 
entomologist of the Virginia Agricultural Experiment Station, on the oviposition of Bmchus brachialis on 
the pods of hairv vetch near Bichmond, Va., in 1931 and 1932. On 40 pods examined in late July, 1931, an 
average of 26 eggs per pod were found, with a maximum of 48 and a minimum of ll. The first emergence from 
the seed was noted on July 27, and a weevil emerged from almost every seed . Freshly laid eggs were observed 
on |si»Iay 23, 1932, and were abundant in early June. Larvae hatched from the eggs of May 23 on May 27 and 
In neither year were adults observed to cut their way out of the pods. A vetch not identified by 
L nderhiil, but eertainly llcia a was abundantly associated with V. villosa hut was not attached 
by B. hmchiaiis. Underhill helieves that he found B. brachialis in small numbers in 1930 at Richmond, and 
the junior author eertainly did at Haddon Heights, N. J. It is probable that the infestations in both places 
are recent. In New Jerses', at Richmond, Va., and in North Carolina B. brachialis was noticeably more 
abundant in 1932 than in 1931. Underhill’s notes indicate that the season for B. brachialis at Richmond is 
three weeks or more earlier than at Haddon Heights. A thorough survey of the eastern part of the United 
States show the bruchid to be established elsewhere. 
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superseded V. sativa in the vetch-growing sections of Oregon, where 
there is now a considerable commercial production of its seed. 

The woolly-pod vetch (Vida dasycarpa) seems to serve the same 
uses, but has not become as popular as some of the other vetches, and 
there is little or no commercial production of its seed in this country. 
Bruchus brachialis is important only in its relation to the production 
of the seeds of the vetches attacked by it. To what extent it will 
affect the production of hairy-vetch seed in Oregon, Indiana, Michigan, 
Ohio, New York, and the Carolinas, and of Hungarian- vetch seed in 
Oregon can not be predicted, but the North Carolina growers are 
already aware of increasing losses from it, 

ly^hether the present species will also affect the common vetch 
(Vida sativa) is entirely problematic. While no records have been 
encountered of attacks on other species of vetch, this must be con- 
sidered of little significance until comprehensive studies have been 
made on the biology of this and other species of Bruchus. Several 
other species of Bruchus, however, attack F. sativa in Europe. 

TWO OTHER SPECIES OF BRUCHUS FROM VETCHES 

The bitter vetch (Vida ervilia (L.) Whlldenow) is another green- 
manure plant from the Old World occasionally cultivated experi- 
mentally in the United States, but it is still uncertain whether it will 
find an important place in American agriculture. Under certain com- 
mercial conditions the seeds of this species are imported and ground 
for mLxed poultry feeds. The National Museum contains about 
10 lots of Bruchus ulids with notes indicating that the beetles were 
bred from seed of F. ervilia of European origin. Whether this insect 
affects other species of vetches is not a matter of record. 

A sample of the seed of Vida cracca introduced from Japan under 
the name F. gemella Crantz by the OjSSce of Foreign Plant Introduc- 
tion in 1903 was recently examined and a single female Bruchus found 
in it w^hich agrees with the description of Bruchus maculatipes Pic (11). 
This vetch is so similar to F. villosa that it is almost certain that this 
species would be able to utilize the hairy vetch. 

In May, 1932, individuals of the same species were sent by S. I. 
Kuwana to the Bureau of Entomology for determination, having been 
taken from among seeds in storage at Kyoto, Japan. ^ Two males 
among these make it possible to recognize its close relationship with 
Bruchus rufipes, the main difference in B. maculatipes consisting in 
the almost complete suppression of the pale pubescent pattern of 
the pronotum and elytra. 

SUMMARY 

The hairy-vetch bruchid (Bruchus brachialis Fahraeus) is now estab- 
lished in the United States. In 1932 it was known to occur in New 
Jersey, Delaware, Maryland, the District of Columbia, Virginia, and 
North Carolina. It affects the seeds of the cultivated forage plants 
hairy vetch, wmolly-pod yetch, Hungarian vetch, and the wild Fiaa 
cracca. It is of economic significance because it destroys the seeds 
of its host plants. 

The insect belongs to the restricted genus Bruchus. All the mem- 
bers of this genus deposit their eggs upon the green pods of the host 
plants. Their larvae feed within the seeds and transform there. 
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The aeliilts emerge from the ripe seeds and ca,.ii not reinfest thein. 
Bruckus hrachktlis seems always to transform and leave the seeds in 
siiniiner and hibernate elsewhere as an adult. ^ 

The adult is described and characters are pointed out to distinguish 
Bruchus hrach/ialis from the closely allied European species of Briichus 
and from all other American Bruchidae. 

Notes on the life history and habits of Bruchus hrachiahs in New 
elersey are recorded. In Haddon Heights, N. J., about 80 per cent of 
the seeds of volunteer plants of the hairy vetch produced during the 
egg-laying period of the bruchid were destroyed by it. ^ Six species of 
native American Chalcidoidea were found parasitizing it. 

The incidence of the different species of Bruchus upon seeds of the 
leguminous tribe Vicieae, including numerous important economic 
plants, is summarized, the records b^eing based mainly upon intercep- 
tions made in the course of the work of the Department of Agricul- 
ture. Changed commercial conditions in handling these seeds have 
led to the establishment of Bruchus brachialis and make probable the 
establishment in the United States of other destructive species 
affecting plants upon which agricultural industries are based. 
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THE ASSOCIATIVE EFFECTS OF FEEDS IN RELATION TO 
THE UTILIZATION OF FEED ENERGY ^ 


E. B. Forbes, Birector, Winfred W. Braman and AIax Kriss, Associate 
Professors of Animal Nutrition, and R. W. Swift, Associate in Animat Nutri- 
tion, with the collaboration of Alex Black, Donald E. Freak, O. J. Kahlen- 
BERG, F. J. McClure, and LeRoy Voris, Institute of Ariimal Nutrition, 
Pennsijlmnia State College 


INTRODUCTION 

The question of methods of measurement of the net energy of 
single feeding stuffs and of rations has been before this Institute, in 
one form or another, for many years, either as such values have been 
direct!}^ sought, or as efforts have been made to analyze the problem 
and to elucidate the underlying principles involved. 

In connection with the direct approach to this subject considera- 
tion has been given to various methods of determining net energy 
(fl) ^ and to a new method of applying the net energy conception in 
the derivation of a feeding standard for milk production { 14 )^ In 
the analysis of the fundamental aspect of this problem studies have 
been made on the influence of type and age on the utilization of 
feed ( 2 )] on the influence of position, as to standing or lying, on 
metabolism (5, 17 ); on the influence of the degree of fatness on the 
utilization of feed (5) ; on the relative utilization of feed energy for 
maintenance, body increase, and milk production (75, 18 ); on the 
influence of en\dronmental temperature on the heat production (5); 
on the energy metabolism in relation to the plane of nutrition { 10 , 11 ); 
on the analysis of the curve of heat production { 15 , 16 ); and on the 
balance of nutrients, that is, the supplementing effects of feeding 
stuffs in combination, as affecting the utilization of feed energy 
( 7 , 12 ), 

Among the various feeding stuffs investigated at this institute corn 
(maize) meal has received relatively much attention, and the methods 
employed in measuring its net energy embrace the various procedures 
and problems involved in this estimation as applied to feeding stuffs 
in general, but especially to feeds of concentrated character. 

The general point of view expressed by these methods and the 
earlier of the detailed procedures originated with Armsby. During 
the decade since his death these procedures have been continuoiisly 
studied and frequently modified, with the hope of improvement, 
since no method for determining the net energy of individual feeding 
stuffs had, or has, been found that can be relied upon for concordant 
and defensible results. 

The first attempt to determine the net energy value of corn meal 
was made by Armsby and Fries in the second of their respiration- 
calorimetric studies, in 1902 {!), The results obtained with a steer on 
a basal ration of red-clover hay were compared with the results 
obtained when to this basal ration corn meal in different quantities 
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was added, in two experimental periods, -This procedure is usually 
referred to in recent discussion as the ""feed-and-plane-difference 
metliod,'’ since there was a difference not only of kind but also of 
quantity in the rations compared. The values obtained for corn 
meal in this experiment were widely divergent, and only one of them 
could be considered as plausible. 

Subseqiieiitly, Armsby and Fries repeated the determination of the 
net energy value of corn meal in two series of experiments. In one 
of these (60 corn meal was combined with red-clover hay, and in the 
other (4) mixed hay was used as the roughage. In both of these 
series of experiments, however, the net energy was determined on 
the mixed ration by feeding it at two planes of intake; the net energy 
of the roughage was determined by feeding alone, at two planes of 
intake; and tlie net energy of the corn was computed by a difference 
process depending on the assumption that the value of the roughage 
in the mixed ration was the same as when fed alone. This procedure 
has been shown to have certain advantages {19) over the earlier one, 
notably in that there is likely to be less exaggeration of experimental 
errors.*^ It disregards, however, the influence of the plane of nutrition 
on the utilization of feed energy, which has been shown to be an 
important factor in this relation {10, 11). ^ 

The values obtained for corn meal in these experiments were 
diverse and thus could not be considered reliable. 

Since the adoption of the directly observed fasting katabolism of 
cattle as a measure of the maintenance requirement of energy, and 
as a base value in energy metabolism, the writers have endeavored 
in several series of experiments {10, 11) to determine the net energy 
value of corn meal both for maintenance and for body increase, 
employing procedures that give full recognition to the factor of plane 
of nutrition. The essential feature of one of these procedures, the 
^Tieat-increment-proportional method,’^ is the assumption that the 
heat-increment value of an individual feeding stuff for maintenance 
is to its heat-increment value for body increase as the heat-increment 
value of a mixed ration, of which it is a component, for maintenance, 
is to the heat-increment value of the same ration for body increase. 

Another procedure, the ^^net-proportional method,'' assumes that 
the net energy value of a single feeding stuff for maintenance is to 
its net energy value for body increase as the net energy of a mixed 
ration, of wliich it is a component, for maintenance, is to the net 
energy of the mixed ration for body increase. 

Neither of the above-mentioned methods yielded consistent net 
energy values of single feeding stuffs for body mcrease. In fact, the 
results obtained strongly suggested associative effects of the feeding 
stuffs fed in combination, on the utilization of their energy, in addi- 
tion to the influence of differences in the plane of nutrition of the 
rations compared. 

The first direct demonstration of such associative effects of feeding 
stuffs was obtained by the writers in subsequent experiments (f;^) 
in w"Mch corn meal was fed exclusively and in combination with 
alfalfa hay, at a maintenance level. The heat increment of the 
corn meal wdien fed alone was found to be considerably greater 
(about tliree times) than that computed for it from results obtained 
when the corn meal was fed combined with the hay, while the metab- 
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olizable energy value of the corn meal was practically the same when 
it was fed alone as when fed with hay. 

In the present investigation corn meal was added, in different 
experimental periods, to tliree basal maintenance rations differing 
radically in composition, thus providing for the further study of the 
early, simple, and direct feed-and-plane-difference method of "Ariiisby 
for determining net energy values of individual feeding stuffs, and 
also for an investigation of the fundamental problem of associative 
or supplenaenting effects of feeds in combination. 

The mixed rations resulting from the combination of corn meal 
with the basal maintenance rations used are unquestionably better 
balanced, nutritively, than is corn meal alone, and the effects of the 
combination are logically reciprocal; 'but inasmuch as there is no 
scientific method for apportioning these effects, the differentation of 
the values of the basal ration and the supplementary corn meal is 
possible only if it be assumed that one of these two ration components 
is the active agent and the other is acted upon. 

In the light of general knowledge the three basal rations employed 
were considered to be of poor, of low-medium, and of excellent 
nutritive value. The net energy value given to the corn meal by 
the supplementing effect of the combination of corn meal and these 
basal rations would obviously be in accord with the effectiveness of 
the reciprocal supplementation, and not necessarily in accord with 
the nutritive balance of the basal rations. 

In other words, an unbalanced basal ration fed with corn meal 
might give to the corn meal a higher net energy value, if the basal 
ration were unbalanced in a way to balance the corn meal, than 
would a perfectly balanced basal ration fed with corn meal. 

Theoretically, at least, any ‘^effective” deficiency of any essential 
nutrient must eventually affect the utilization of the energy of the 
food, and the question whether a specific nutritive deficiency is 
effective at a particular time obviously depends on (1) the nature of 
the deficiency, (2) the extent of the requirement of the animal for 
the deficient nutrient, (3) the extent and availability of the body 
reserve of the nutrient which is deficient in the ration, and (4) the 
length of the period of experimentation. 

Thus, since corn meal is characterized by a Ifigh metabolizable 
energy value, but by marked nutritive deficiencies, as previously 
noted, a question of importance is whether, in the course of a 28-day 
feeding period, these deficiencies affect the utilization of the energy 
of the corn meal in an unfavorable manner, or whether the animal 
that has eaten the corn meal is either partly or wholly protected from 
these deficiencies, b ;7 drafts upon the nutritive reserves of its body, 
so that the deficiencies are without apparent or immediate effect on 
the net energy value of the corn meal. 

In this relation it would be exceedingly important to know how 
quickly and to what extent specific nutritive deficiencies affect the 
utilization of the energy of feeding stuffs. For instance, a deficiency 
of protein in a ration might conceivably affect the utilization of its 
energy within one day, a deficiency of vitamin B within a week, a 
deficiency of vitamin A within a month, a deficiency of phosphorus 
within 6 months, and a deficiency of vitamin D not at all, while the 
food consumption remains unaffected. 

174231 — 33—6 
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Also, a;n inorganic compound, calcium pliospliate, for instance, 
or a vitamin in an experiment of adequate length ^ miglit ^'earri” 
a net energy value if added ,to a ration yiiicli is deficient in the sub- 
stance but would have no ener^ value in other relations. 

Furthermore, the senior writer learned many ^ years ago that in 
feeding for body increase the smaller the proportion in which a pro- 
tein supplement to corn is employed the greater will be its apparent 
value, per unit of itself. 

From the foregoing it will be understood that in the authors^ 
opinion much remains to be learned as to the effects of specific kinds 
and degrees of nutritive deficiency upon net energy values, and as to 
the time element in such relations. x4.1so, conceding that different net 
energy values will be found (as affected by drafts upon nutritive 
reserves of the animal body) in experimental periods of different 
length, there remains the question, What would be the most nearly 
true or characteristic value, or the one of greatest significance, as 
applying to particular conditions of feeding practice? 

PLAN OF EXPERIMENTATION 

A duplicate series of seven energ 3 ^-balance experiments was con- 
ducted during the fall, winter, and spring of 1931-32, mth two 
2-year-old steers, as follows: (1) During fast; (2) at the maintenance 
level, with three rations of different character; and (3) at a production 
level, the rations being the same as the three fed at the maintenance 
level plus corn meal in quantities equivalent to one-half of the esti- 
mated maintenance requirement of energy. 

The schedule of experimentation is given in Table 1, together with 
the daily rations, and the live w^eights of the experimental subjects. 


Table 1. -—Schedule of experimentation^ daily rations j and live weights of animals 

in experiment No, 261 


Peri- 

od 

No. 

S 

TO 

Preliminary experimen- 
tal feeding period 

Periods of excreta collec- 
tion 

Calorimeter periods 

Plane of nutrition 

Rations fed daily 

Average live weight of 
animals 

Oat straw 

Timothy hay 

[3 

Corn meal 

Linseed meal 

Wheat bran 

Molasses 

■ 


Days 

Days 

Days 


Kg 

Kg 

Kg 

Kg 

Kg 

Kg 

Kg 

Kg 

1 -,-— „ 

A 


4 

4 

Fasting .... .. 








385 3 


B 


4 

■ 4 

do 








318 8 

3 1 

A 

4 

12 

3 

Maintenance ! 

2.500 



1.800 



0. 180 

393 5 

4 1 

B 

8 

21 

3 

...do ,| 

2.290 



a. 640 



160 

323. 6 


.A 

4 

10 

3 

maintenance. ' 

2.500 



3.268 



.180 

409.1 

6..._J 

B I 

4 

10 

3 


2.290 



2. 982 



. 160 

32.6 ,5 

7 1 

A, 

9 

21 

3 

Maintenance— . _ _ . j 


2,976 


1.502 




401.0 


B- 

10 

■ 21 

3 

do__._. i 


2.590 


1.308 




32 . 6. 8 


...A.' 

14 

■21 

3 

s: 

B 

3 

\ 


2. 976 


3. 004 




42.6. 1 

10 ! 

B 

.'14 

'21 

3 



2.590 


2. 616 




343. 2 

li ^ 

'A' ■' 

8 

" ' '21 

3 

Maintenance—..— 



3.500 


0, 910 

0. 910 


432. 2 

12,. 

B 

9 

21 

3 

do 



3. 024 


.786 

.786 


351 7 

13.. ..i 

A 

■..■9 

21 

3 

1J4 maintenance. . 



3. 500 

1. 538 

.910 

.910 


453! 1 


B 

14 

21 

3 

do-.-....^ 



3. 024 

1.348 

. 786 

.786 


372.7 

1 








1 ■ 






The three basal maintenance rations differed widely as to protein, 
mineral, and, presumably, as to vitamin contents. The first ration 



757 


Apr. 15, 1933 Feeds in Relation to Utilization of Feed Energy 


consisted of oat straw and corn meal (1.4:1), supplemented with a 
small quantity of molasses to increase its palatability; the second 
consisted of timothy hay and corn meal (2:1); while the third was 
made up of alfalfa hay, linseed meal, and wheat bran in a proportion 
of 3.8:1 :1. 

Inasmuch as the maintenance rations supplied nutriment approxi- 
mately as required to sustain energy equilibrium, the results obtained 
for the added corn meal, in the production periods, were comparable in 
that the |)lane of nutrition was essentially the same m all three cases. 

The fasting experiments with the two animals provided a basis for 
determining the energy cost of maintenance, and of standing as com- 
pared with lying. This information was required in computing the 
heat production of the animals, standing or lying, in all experimental 
periods to a standard day, and to the basis of a uniform live weight. 

In the fasting periods tne heat production and the gaseous exchange 
were measured continuously in the respiration calorimeter for foxu 
consecutive days, and the attainment of the status of true fast was 
indicated by the respiratory quotients, which were determined in 
intermittent samples of the air current taken every three hours. 

The experimental periods during which the animals received feed 
consisted of a preliminary feeding period of 9 to 14 days, a digestion 
period ordinarily 21 days in length, and a calorimeter period to 3 
days — usually the last 3 of the digestion period. 

Each calorimeter period was preceded by a preliminary period of 
14 hours, during which the experimental ensemble was established in 
adiabatic balance. The animal was inside the calorimeter during 
this time. 

In three cases (periods 3, 5, and 6) the digestion periods as well as 
the preliminary periods were of necessity considerably shortened, as 
indicated in Table 1, because of unsatisfactory behavior of the experi- 
mental subjects. 

During the digestion periods quantitative collections were made of 
feces and urine, while during the calorimeter periods, in addition to 
the collection of the visible excreta, the gaseous products and the heat 
production of the animals were measui'ed. 

In all the feeding periods the heat production was measured directly 
as usual, and checked by indirect determination from the carbon, 
nitrogen, and energy balances. Final comparisons and computations, 
in the utilization of the results, were based on the average of the direct 
and the indirect measurements. 

EXPERIMENTAL SUBJECTS 

The steers used as subjects in these experiments were designated 
A and B. Steer A was a crossbred Aberdeen- Angus-Shorthorn, born 
January 25, 1930, and steer B was a purebred Shorthorn, born April 
16, 1930. Their average live weights in the first two experimental 
feeding periods (Nos. 3 and 4) were 393.5 kg and 323 .6 kg, respectively. 

EXPERIMENTAL DATA 

The chemical composition and digestibility of the rations, and of 
three of the individual feeding stuffs, corn meal, oat straw, and 
timothy hay, are given in Table 2. 
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Table 2. — Chemical composition and digestibility of rations, and of corn meal, oat 

straw, and timothy hay 


Chemical composition (dry 
basis) 


Digestion coefficients 


Peri- 

od 

No. 

steer : 

Eation No. or 
feeding stuff 

Crude 

pro- 

tein 

Carbohy- 

drate 

Ether 

e.xtract 

Ener- 
gy per 
gram 


Carbohydrate 

Ether 

extract 

Ener- 

gy 

Nitro- 
gen- 
free ex- 
tract 

Crude 

fiber 

Crude 

pro- 

tein 

Nitro- 
gen- 
free ex- 
tract 

Crude 

fiber 




Per 

Per 

Per 

Per 

Calo~ 

Per 

Per 


Per 

Per 




cent 

cent 

cent 

cent 

Ties 

cent 

cent 

Per cent 

cent 

cent 

.3.._ 

A 

3 

7.01 

56. 48 

24. 35 

3. 23 

4. 375 

46.7 

72.8 

54.6 

61. 8 

62.2 


B 

4 - 

7.00 

56.43 

24. 41 

3. 23 

4. 373 

44.6 

70.7 

50.3 

58.3 

59. 7 

0 

A 

6 

7.34 

62.24 

19. 41 

3. 82 

4. 461 

52.9 

75. 6 

51.4 

72.3 

66.3 

6...... 

B 

6 

7.34 

62. 22 

19. 46 

3. 82 

4. 459 

41.3 

71.9 

50.7 

63.7 

63.6 

7 

A 

7 

7.14 

61. 07 

24. 30 

3, 19 

4. 497 

54.7 

71.9 

46. 9 

66.5 

62.0 

s .. 

B 

8 

7.m 

61.02 

24. 27 

3. 14 

4.490 

42.9 

69. 8 

42.9 

63. 1 

58.9 

9... 

A 

9 .. 

7. 47 

65. 69 

19.49 

3. 62 

4.511 

56.8 

77.6 

45. 4 

70.1 

66. 0 

10. -J 

B 

i 10 

7. .51 

65.46 

19, 73 

3.58 

4. 503 

43.4 

75.7 

41.3 

63.4 

62.2 

11... 1 

A 

i 11 

22. 13 

43. 06 

23. 33 

3.24 ; 

4. 536 

79.7 

77.0 

41.9 

58.2 

65.1 


B 

12 

22. 10 

43. 03 

23.31 

3.23 

4. 532 

77.9 

76.1 

33.9 

57.4 

62.1 

13... 

A 

13 

19, 54 

51. 13 

IS. 86 

3.67 

4. 539 

76.9 

82.5 

34.0 

65. 8 

67.9 

14...! 

B 

14 

19. 47 

51.23 

IS. 78 

3.67 i 

4. 536 ; 

76. S 

81.9 

26. 5 

64.4 

66.2 


- A 

Corn meal 

9.59 

81.81 

2.03 

5. 11 ' 

4. 538 

70.6 

82.3 

I (-66.9) 

92.3 

79.5 

9... 

1 A 

do 

9.59 

81.81 

2. 03 

5.11 

4. 538 

62.7 

91.5 

' (19. 5) 

77.4 

78. 8 

13... 1 

A 

do 

9. 94 

81.13 

2.20 

5.28 

4. 551 

54.0 j 

93.2 

(-241.8) 

83.0 

78.3 

6....' 

i B 

do 

9.59 

81. 81 

2.03 

5.11 

4. 538 ^ 

(32.1) 

(74.8) 

(62. 5) 

(73.9) 

(76.0) 

10... 

B 

do 

9. 94 

i 81. 13 

2.20 

5.28 

4.551 

44.7 

90.1 

1 (19.0) 

64.1 

72.3 

14... 

B 

do 

9.94 

i 81. 13 

2.20 i 

5.28 

4.551 

68.1 

92.9 

(-216. 4) 

79.9 

80.6 

3.... 

A 

Oat straw. 

5.13 

43. 45 

41.91 i 

2.56 

4. 483 

(12.3) ! 

(60. 1) 

(58. 5) 

(23. 3) 

(48.3) 

5.... 

A 

-—..do 

5. 14 

43.00 

42.50 

2.53 

4.490 

(12.3) 

(60. 1) 

i (58. 5) 

(23. 3) 

(48.3) 

4.... 

B 

do. 

5.13 

43. 45 

41.91 

2.56 

4. 483 

(62.5) 

(65. 2) 

(50. 0) 

(38. 6) 

(46. 4) 

6.... 

B 

1 do 

5. 14 

43.00 

42. 50 

2.53 

4. 490 

(62.5) 

(65. 2) 

(50. 0) 

(38. 6) 

(46.4) 

7 

A 

! Timothy hay. - 

6.06 

52. 05 

34.68 

2.33 

4. 628 

(48.0) 

(57. 2) 

(47.2) 

(55. 1) 

(54. 1) 

977 

A 

1 do 

5. 56 

51.30 

36.09 

2.27 

4. 537 

(48.0) 

(57.2) 1 

(47. 2) 

(55. 1) 

(54. 1) 

8.... 

B 

I—, .do 

5. 86 

52. 00 

35. 07 

2. 25 

1 4. 527 

(41.4) 

(54.5) 

(43.1) 

(61.8) 

(52. 6) 

10... 

B 

do 

1 

5.31 

51.50 

36. 55 

2.02 

4. 514 

(41.4) 

(64. 5) 

(43.1) 

(61.8) 

(52.6) 


If the rations are designated by the experimental period numbers, 
rations 3, 4, 5, and 6, composed oi com meal, oat straw and molasses, 
may be characterized, in the light of general information, as unpalat- 
able and nutritively deficient, especially because oat straw is a very 
poor roughage, although a great deal of it is eaten by cattle. 

Kations 7, 8, 9, and 10, composed of corn meal and timothy hay, 
may be regarded as of low-medium quality. These rations, like those 
in the preceding group, are deficient in variety of components, and 
timothy hay is a second-rate roughage for cattle. 

Rations 11, 12, 13, and 14 were of liigh grade. The roughage, 
alfalfa hay, was of the best quality, and the grain components were 
palatable, varied, and nutritious. The rations were rich in protein, 
calciimi, and phosphoriis and are not known to have been lacking in 
any essential nutiient. 

In these tliree groups of rations, therefore, corn meal was fed in 
decidedly poor, in low-medium, and in excellent combmations. 

, The protein intake differed much from period to period but was, 
as intended, at all times safely above the maintenance requirement, 
as shown by the invariably positive nitrogen balances. (Table 4.) 
The nitrogen intake, in grams, per kilogram of live weight of steers 
A and B in the several experimental periods was as follows: Periods 
3 and 4, 0.117 and 0;129; 5 and 6, 0.151 and 0.168; 7 and 8, 0.114 and 
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0. 119; 9 and 10, 0.147 and 0.160; 11 and 12, 0.395 and 0.420; and 13 
and 14, 0.424 and 0.447. 

Tlie ratios of carbon to nitrogen in the basal rations containing oat 
straw, timothy hay, and alfalfa hay, respectively, were 39 to 1, 41 to 

1, and 13 to 1. In the supplemented rations {with corn meal) these 
ratios were 38 to 1, 39 to 1, and 15 to 1, respectively. 

The energy of the digestible nutrients of rations 5 and 6 was greater 
than that of rations 3 and 4, on account of the added corn meal which 
the former contained. A similar difference prevailed, for the same 
reason, between rations 9 and 10 as compared with 7 and 8, and 
between rations 13 and 14 as compared with 11 and 12. 

In each of the six cases in which the same ration was fed to the two 
subjects steer A digested an appreciably greater part of the energy- 
producing nutriment of the ration than did steer B, the differences, as 
shown in Table 2, being 2.5, 2.7, 3.1, 3.8, 3.0, and 1.7 per cent, respec- 
tivety. Also, without exception, steer A digested all other lands of 
nutriment in each ration more efficiently than did steer B. 

This comparison, therefore, shows that individuality is a significant 
factor affecting digestible nutrient and therefore net energy values. 

The digestibility of the corn meal by the two steers, as affected by 
the feeds with which it was fed, is given in Table 2. Inasmuch as the 
digestibility of the corn meal was of necessity computed by a dffierence 
or subtraction procedure, which served to relate and to express all 
errors of theory and of work as though affecting only the values of 
the comparatively small quantities of corn meal; and, further, inas- 
much as the computation of the coefficients for corn meal depended 
on the assumption (which is not exactly true) that the digestibility 
of the corn meal and of the basal part of the ration in each case was 
the same when fed separately as when fed together, inarked incon- 
sistencies appear in these computed digestion coefficients. These 
inconsistencies are only the beginning of the troubles encountered in 
efforts to determine net energy values of individual feeding stuffs. 

The first thi’ee of these values for corn meal were obtained, steer A 
being the subject, in periods 5, 9, and 13, while steer B was the subject 
in periods 6, 10, and 14. Manifestly unrepresentative data, or data 
which for any reason are considered questionable, are inclosed in 
parentheses. The unreliability of the data in period 6 was due to 
the fact that the animal did not take the feed satisfactorily, the collec- 
tion period was short, and the correspondence between the ration and 
the feces was obviously imperfect. 

In considering these six digestion coefficients for corn meal a com- 
parison should be made of the performance of the two steers in periods 
5 and 6, 9 and 10, and 13 and 14. In view of the foregoing observa- 
tions, however, these digestion coefficients of corn meal can not be 
closely interpreted. 

In other words, digestion coefficients of individual feeding stuffs, 
computed by difference, must be considered as conventional— espe- 
cially because the digestibility of foodstuffs given individually may 
not be the same as when fed in combination ^nd because there is no 
scientific method for apportioning the digestibility of a mixed ration 
among its component feeding stuffs. 

The individual digestion coefficients of oat straw and timothy hay 
were also computed, by assuming that the values for com meal, 
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representing the difference between two rations, apply also to the 
corn meal witliin these rations. The second difference process 
involved in tlxis computation serves still further to magnify the errors 
incident to the first, and the values thus derived for the roughages are 
obviously without definite significance. The process of computation 
used is superficially logical, but, as explained, the effects of the errors 
of work and of fundamental assumption render the results quite 
imperfectly representative. 

Table 3. — Carbon dioxide^ water vapor ^ methane, and heat production per day 


Calorim- 
eter day 


'First 3,697.4 , 

Second.,. 3,816.6 
i Third-- 3,816,9 
i Average 3, 777. 0 

'First 3,411.6 . 

i Second... 3,383.4 
I Third-- 3,414.2 
1 Average 3, 403. 1 

First 4,369.2 

[Second-— 4,472.8 
[Third— 4,410.5 . 
I Average 4,417.5 

First 3,924.4 

I Second-- 3,992.4 
[Third.-- 4,091.4 
[ Average 4,002.7 

First 3,708.3 

I Second— 3,642.7 
Third— 3,632.4 
I Average 3,661.1 

(First 3,181.5 

Second- - . 3, 107. 5 
i Third..- 3,122.9 
I Average 3,137.3 

First 4,55:1,9 

Second— 4,596.5 
(Third-- 4,630.5 
1 Average 4, 593. 6 

(First 3,925.2 

I Second— 4,053.6 
I Third— 3,957.1 
I Average 3, 978. 6 
(First...:. 4,256.4 
I Second— 4, 276.2 ■ 
(Third-- 4,188.0 
I Average 4, 240. 2 

(First 3,742.9 

i Second-- 3,684.8 
(Third— 3,752.0 
i .Average 3, 726. 6 

fFirsili:: '4,l:c^.l' 
J Second— 4, W,0 
(Third— 4,543.0 
{ Average 4,544.0,, 


113.9 

. — 114.5 
6,684 112.5 

106.0 

103.1 

- 99.6 

5,426 102.9 

139.8 

140.9 

143.2 
4,166 141.3 

I f-122.5 

123.8 


122.5 

5, 750 122. 9 


3,440 110.4 

93.6 
89.9 

91. 3 

3,504 91.6 

- 144.9 

143.8 

139.3 
6,374 142,7 


! 113.5 

i I 109.7 

5,275 j 111.5 




Total heat 

Heat 
by ra- 

Latent 


Direct- 




diation 

head 


ly ob- 


Aver- 

Cor- 

and 

of 

Direct- 
ly ob- 
served 

served, 

Indi- 

age, 

rected 

con- 

H2O 

cor- 

rectly 

com- 

to 

due- 

vapor 

rected 

com- 

puted 

stand- 

tion« 

for 

puted 

and ob- 

ard 




body 

served 

day 




gain 




Cato- 

Calo- 

Calo- 

Calo- 

Calo- 

Calo- 

Calo- 

ties 

Ties 

rks 

Ties 

Ties 

ries 

ries 

5, 210 


9,127 





5; 510 


9, 427 





5,704 


9, 621 





5,475 

3,917 

9, 392 

9. 275 

9, 176 

9, 226 

9,298 

5,234 

8, 414 



5,324 


8,504 






5,425 


8, 605 





5,328 

3, 180 

8,508 

8, 509 

8, 286 

8, 397 

8, 632 

7,969 

10, 414 


7,936 


10, 381 





7,903 


10, 348 





7,936 

2,445 

10, 381 

10, 333 

10, 138 

10, 236 

10, 638 

5,807 

9, 182 



6, 094 


9, 469 





6,298 


9,673 





6;066 

3, 375 

9, 441 

9,481 

9,218 

«9,481 

9, 645 

6, 973 

8,993 

6,915 


8,935 





6,718 


8,732 





6,869 

2,020 

8,887 

8,862 

8,768 

8,815 1 

9, 015 

5,688 


7,745 




5,478 ‘ 


7,535 





5,438 


7,495 





5, 535 

2,057 

7,592 

7,618 : 

7,685 

7, 652 

7,985 

6, 862 


10,604 





7,053 


10, 795 





7,163 


10, 905 





7,026 

3,742 

10,768 

10, 698 

10, 669 

10, 684 

10, 885 

6, 321 


9,417 



6, 593 


9,689 





6, 543 


9, 639 





6,486 

3,096 

9,582 

9, 577 

9,403 

9, 490 

9, 637 

7, 137 


10,754 



6,940 


10, 557 





6,802 


10, 419 


. 



6,960 

3, '617 

10,577 

10, 504 

10,371 

10,438 

10, 598 

6,632 


9,604 

6,142 


9, 114 





6,585 


9,657 





6,453 

2,972 

9,425 

9, 488 

9,375 

9,432 

9,511 

6,667 


10,586 





7,276 


11, 195 





6,860 


10, 779 





6,934 

3,919 

10,853 

10, 858 

10,798 

00 

0 

10, 944 


® Heat measured by water current diminished by heat liberated on condensation of water on absorbers. 
. ^ Based on one 12-bou,r snbperlod. ■ 

^ Observed heat only. 

The data for carbon dioxide, water vapor, methane, and heat pro- 
duced are given in Table 3, the beat prodiiction being computed, 
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finally, to tlie basis of the standard day of 12 hours standing and 12 
hours lying, and to the basis of a standard live weight. 

The data for gaseous outgo and heat production of steer A in period 
13 are omitted, because they were vitiated by unfavorable experi- 
mental conditions. The difficulty apparently began vitli the steer's 
shedding hair into his urine funnel, which clogged the flow of urine 
and led to its overflowfing onto the floor on wMch the steer stood or 
lay. For this reason the steer was uncomfortable and changed posi- 
tion (as to standing and l3fing) 62 per cent more tunes than did steer 
B on the same ration. He developed the habit of standing out of 
position with his forefeet up on the lid of the feed box. This disar- 
ranged the feces apron, and feces were spilled onto the floor. 

The air in the calorimeter chamber became so strongly ammonical 
that the drip w^ater from the copper heat absorbers was blue. The 
attendant had to enter the chamber seven times dining the 3-day 
period to rearrange the harness and the stall appurtenances. 

In these experiments the daily elimination of carbon dioxide, 
methane, and heat varied but little during the three days of each 
calorimetric measurement. 

The rate of ventilation, however, was less than that wMcli ordi- 
narily prevailed in the experiments of pre\fious years, and considerable 
quantities of water condensed on the absorber pipes. The water 
remaining in the air current was fairly constant in quantity; but that 
wliich was condensed on the absorbers, and consequently the total 
eliminated, appeared to vary much from day to day, since the flow of 
condensed water from this apparatus is not accurately quantitative 
for 24-hour periods. The quantities of tliis condensed water, as 
observed on the separate days of a 3-day calorimetric measurement, 
therefore, were averaged, as were also the accurately measured quan- 
tities of moisture carried from the calorimeter in the air stream, these 
two portions being added to give the quantity of the total outgo of 
water vapor. 

Table 4. — Intake and balance of matter and energy 





Daily intake of- 

- 



Daily balances of- 

- 


Pe- 

riod 

No. 

Steer 

Dry 

mat- 

ter 

Water 

Nitro- 

gen 

Car- 

bon 

Gross 

energy 

Metab- 

oliz- 

able 

energy 

Water 

Nitro- 

gen 

Car- 
bon of 
pro- 
tein 

Car- 
bon of 
fat 

Total 

car- 

bon 

En- 

ergy 


A 

Grams 
3, 954 

Grams 

10,256 

Grams 

46.0 

Grams 

1,811 

Calo- 

ries 

17,429 

Calo- 

ries 

8,767 

Grams 
-5, 792 

Grams 

8.4 

Grams 

26 

Grams 

-51 

Grams 

-25 

Calo- 

ries 

-409 

4 

B 

3,610 

14,300 

41.9 

1, 654 

15,917 

7,646 

133 

6.3 

20 

-65 

-45 

-639 

5 

A 

5, 103 1 

11,208 

61.6 

2,366 

2,161 

22,899 

12, 659 

-2,503 

16. 7 

53 

167 

. 220 

2, 521 


B 

4,661 

16,601 

56.2 

20, 918 

11, 155 

1, 749 

13.0 

41 

128 

169 

n, 937 


A 

3, 970 

7, 948 

45.6 

1,863 

17, 986 

8,980 

-1.230 

5.6 

18 

5 

23 

212 

8 

B 

3,428 

11,487 

38.7 

1, 605 

15, 628 

7,410 

1,314 

4.1 

I 13 

-31 

-18 

-275 


A 

5, 206 

10,274 

62.6 

2, 436 ^ 

23,620 

12,891 

-3,504 

19.0 

60 

138 

198 ! 

2, 222 


B 

4,530 

16, 133 

54.8 

2, 122 

20,532 

10, 656 

-321 

9.7 

31 

80 ; 

Ill 

1, 253 

11--- 

A 

4,801 : 

16,856 

170. 9 

2, 222 
1, 920 

21,914 

10,978 

-3, 601 

16.2 

51 

14 

65 

607 

12-... 

B 

4, 148 

22, 158 

147. 7 

18, 934 

9,025 

3, 102 

12. 0 i 

38 

-54 

-16 

-350 

13- -- 

14- — 

A 

B 

6,116 
5, 315 

20,795 

23,706 

192. 1 
166.6 

2,833 

2,462 

27,899 
24, 245 

14,850 

12,558 

135 

24. 4 
22.6 

71 

93 

164 

1, 760 


The intake and the balance of matter and energ}^ are given in 
Table 4. It is of interest to note that the nitrogen balances for both 
animals were all positive and were of significant magnitude even in 
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the energy-maintenance periods on tlie low-protein rations consisting 
of oat straw, corn meal, and molasses (periods 3 and 4), and on those 
made up of timothy hay and corn meal (periods 7 and 8). The daily 
balances of energy in the maintenance periods, however, were com- 
parativehy small and show that the estimates of energy requirement 
employed in computation of the rations were satisfactory. 

The quantities of nitrogen excreted in the urine during the first 
eight periods, when the animals were on the low-protein rations, are 
much less than as usually observed, because of the low protein intake 
and the sparing effect of carbohydrates on protein metabolism. When 
the animals were on the oat straw-corn meal rations (periods 3 to 6, 
inclusive) the daily urinaiy nitrogen was 13.8 g, 13.0 g, 16.5 g, and 
10.9 g, respectively, which is equivalent to an average of 3.8 g per 
100 kg of body weight for steer A, and to an average of 3.6 g for steer 
B ; but when they received the timothy hay-corn meal rations (periods 
7 to 10, inclusive) the daily urinary nitrogen was 19.3, 12.5, 16.6, and 
14.1 g, respectively, which is equivalent to an average of 4.3 g per 
100 kg of body weight for steer A, and an average of 4.0 g for steer B. 
In premous experiments (70) the average daily nitrogen excretion of 
four steers which received no feed was found to be 8.1 g, 9.0 g, 11.3 g, 
and 9.8 g, respectively, per 100 k| of body weight. 

It is a thoroughly established fact that the urinary-nitrogen excre- 
tion during fast does not represent the minimum protein requirement 
of the animal, since during fast some protein is katabolized for energy 
production. Many workers have observed that on protem-free ra- 
tions, or on rations very poor in protein, the protein katabolism is 
reduced to a level considerably lower than that which prevails during 
fast. 

The data for urinary nitrogen during fast in this series of experi- 
ments are not reported, but during periods 3, 4, and 8 the nitrogen 
requirement, as measured by the digestible nitrogen minus the posi- 
tive nitrogen balance (the remainder being equal to the urinary nitro- 
gen) was 13.8, 13.0, and 12.5 g, respectively, which is equal to 3.5, 3.1, 
and 3.8 g per 100 kg of live weight, or to an average of 21.7 g of crude 
protein. This is less than half of the protein allowed for maintenance 
that is indicated by prevailing feeding standards for cattle. 

The quantities of nitrogen excreted in the urine of the animals on 
the high-protein rations (periods 11 to 14, inclusive) are about 8 to 10 
times as great as those when they were on the low-protein rations. 
The carbon-nitrogen ratios in the urine in periods 11 to 14 (high- 
protein rations) are 1.2, 1.2, 1.3, and 1.3, respectively, while the 
carbon-nitrogen ratios in the urine in periods 3 to 10 (low-protein 
rations)^are 3.6, 3.2, 3.2, 3.7, 3.3, 3.8, 3.9, and 4.0, respectively. 
These observations indicate that under a given set of conditions the 
carbon-nitrogen ratio in the urine is fairly constant, but that there is 
no feed relation between the carbon content of the urine and the 
(|uaii titles of protein katabolized, and that some of the carbon in the 
unne represents nonnitrogenous substance. 

In conipiiting the intake and the balance of matter and energy the 
energy nf the urine and of the protein gained or lost was corrected, as 
usual, for incomplete oxidation of protein, and metabolizable energy 
was^determmed as the gross energy of the feed minus the energy of 
the leces, of the methane, and of the urine, corrected as above stated. 
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Tlie data entering into the determination of the balances of matter 
and energy are regarded as satisfactory, except as imfayorahle condi- 
tions vitiated the significance of the heat production and related data 
in period 13,^ and except for the data representing the feces in period 6. 
Conditions in the latter period were unsatisfactory in that it was 
impossible, because of refusal of feed by the subject, to have as long 
an experimental period as usual. The basis of separation of the 
intervals of preliminary feeding from the period of excreta collection 
was uncertain, since the quantity of feces eliminated varied greatly 
from day to day. In order, therefore, to arrive at the most plausible 
value for metabolizable energy for use in computing the net energy 
the preliminary feeding interval was made eight days, and the period 
of excreta collection six days, this separation being determined by the 
fact that it yielded a metabolizable energy value of corn meal in agree- 
ment with, the values that were satisfactorily determined in the other 
experimental periods. 

Seven values for heat production are given in Table 3. The heat 
by radiation and conduction is the heat as measured in the stream of 
water which carries the heat from the calorimeter chamber, dmiinished 
by the quantity of heat liberated on condensation of water on the heat 
absorbers. 

The latent heat of water vapor was computed from the average 
of the daily measurements of water vapor in the air current, plus the 
average daily quantity liberated by condensation of water on the 
absorbers. 

The total heat directly observed is the sum of these values for heat 
of radiation and conduction and latent heat of water vapor. This 
value for total heat directly observed was then subjected to a minor 
correction for heat stored in or lost from the body in the gain or loss 
of body substance. 

The total heat indirectly computed was derived from the balances 
of carbon, nitrogen, and energy and represents the algebraic difference 
between the metabolizable energy of the feed and the energy of body 
increase. 

j\. crucial test of the validity of the heat measurements is afforded 
by a comparison of the directly measured and the indirectly computed 
data, since these values are derived by entirely different methods and 
technic. In these experiments this agreement is remarkably good, 
which shows that the heat measurements must have been essentially 
correct, and this fact should be borne in mind in the interpretation of 
the final results. The agreement of the directly and the indirectly 
determined heat production, expressed in percentage of the direct 
heat, (including the values for period 13, which were finally discarded) , 
was on an average 98.7 per cent, the extremes being 97.3 and 100. 
per cent. Since there was no significant difference between these 
values they were averaged, and subsequent computations are based 
on this average figure. 

The last column of Table 3 gives this average heat measurement 
corrected, for comparative purposes, in accordance with the estab- 
lished procedure of this institute, to a standard day of 12 hours stand- 
ing and 12 hours lying, in order to eliminate the effect on heahpro- 
duction of differences of time spent by the animals in these positions. 

This correction for standing and lying was based on factors ex- 
perimentally determined during the fasting periods (Nos. 1 and 2), 
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representing tlie relative rates of CO 2 ' production during standing 
and Ijingy in accordance mth a procedure described in a previous 
paper ( 17 ). For steer A the difference in heat produced per hour of 
standings as compared with that produced ■ while lying, was 13.1 
Calories, while for steer B this difference was 19.8 Calories per hour 
per 100 kg body weight. 

The figures for heat production in periods 1 and 2 represent, re- 
spectivel}"', the third day of fast for steer A, and the fourth day of fast 
for steer B, These days were selected because they were the first days 
during which the nonprotein resphatory quotients represented the 
katabolisin of fat alone, thus indicating a true fasting status. 

A final correction of the heat production,^ for differences in live 
weight, is indicated in the fifth column of figures in Table 5, this 
correction representing the differences in fasting katabolisin (mainte- 
nance reciiihement) related to the differences in the two-thirds power 
of the live weights in the several periods. The effect of these 
corrections, therefore, is to reduce the maintenance requirements 
of the animals, in the various periods, to the basis of a uniform live 
weight. 

In consideration of the contents of the alimentary tract, the values 
actually used in this computation to represent the body weight of the 
fasting animals were not those observed during fast but were the 
average weights obtained during the periods of maintenance immedi- 
ately following fast (period 3, for steer A, and period 4, for steer B), 
diminished by the amount of the loss in body tissue, which was com- 
puted to be 2 kg per day {10). It is believed that this procedure 
renders the live w^eights more nearly comparable in regard to the 
*^fill*' than would the use of the actual weight of the fasted animals. 

In applying the corrections for standing, and for differences in live 
weight, the average of the observed and of the computed heat produc- 
tion was used in all feeding periods, except period 6. In this period 
the observed heat production was considered more reliable — for 
reasons already given. 

METABOLIZABLE ENERGY, HEAT INCREMENT, AND NET ENERGY 
VALUES OP CORN MEAL FOR BODY INCREASE 

In Table 5 are given the metabolizable energy, heat-increment, 
and net energy values of corn meal for body increase, as influenced by 
the other components of the rations in which the corn meal was fed. 

These values were derived by a comparison of data obtained 
from the basal maintenance rations with parallel observations from 
the production rations, which were the same as the former plus corn 
meal. 

Three such comparisons were possible for each animal— periods 
3 and 5, 7 and 9, 11 and 13, for steer A, and periods 4 and 6 , 8 and 
10, 12 and 14, for steer B. In each case the differences in the metab- 
olizable energy, in the heat production, and in the gains of energy 
have been ascribed to the corn meal in the production rations and 
have been expressed in relation to kilograms of diy matter. Actually 
there were slight differences in the dry matter of the basal compo- 
nents of the rations compared, on account of slight differences in 
moisture content, but these differences were considered negligible 
in relation to this computation. 
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Table 5. — -Metabohzahle energy^ heat increment^ and net energy values of corn meal 


Pe- 

riod 

No. 

Steer 

Plane of nutrition, and 
kind of roughage in 
ration 

Dry 
matter 
of daily 
ration 

Dry 

matter 

of 

added 
corn « 

Metabolizable 

energy 

Total 

heat 

com- 

puted 

to 

stand- 
ard day 
and live 
weight 

Heat 
increase 
per 
kilo- 
gram of 
dry 
matter 
of 

added 

oorii 

Energy 

balance 

Net 
energy 
per 
kilo- 
gram of 
dry 
matter 
of corn 
added 
to basal 
ration 

Total 

Per 
kilo- 
gram of 
dry 
matter 
of corn 
added 
to basal 
ration 

3 

A 

Maintenance, oat 

Grams 

Grams 

Calories 

Calories 

Calories 

Calories 

Calories 

Calories 



straw 

3,954 


8, 767 


9, 233 


—466 


5 

A 

1 . 5 maintenance, oat 








straw 

5,103 

1, 149 

12, 659 

3,387 

10, 305 

933 

2,354 

2, 454 

4 

B 

Maintenance, oat 











straw 

3, 610 


7,646 


8,530 : 


-884 


6 

B 

1.5 maintenance, oat 








straw 

4,661 

1,051 

11, 155 

3,339 

9,393 ; 

821 

i 1, 762 

1 2,518 

7 

A 

Maintenance, timothy 











! hay 

3,970 


8,980 


8, 869 


111 


9 

A 

1.5 maintenance, timo- 








thy hay.. 

5,206 

1,236 

12, 891 

3,164 

10,483 

: 1,306 

2, 408 

1,858 

8 

B 

Maintenance, timothy 











hay 

3, 428 


7,410 


7,854 


-444 


10 

B 

1.5 maintenance, timo- 








thy hay 

4,530 

1, 102 

10, 656 

2, 946 

9, 288 

1,301 

1, 368 

1, 645 

11 

A 

Maintenance, alfalfa 











hay - - 

4,801 


10,978 


10, 122 


856 


13 

A 

1.5 maintenance, alfalfa 








hay 

6,116 

1,315 

14,850 

2, 944 





12 

B 

Maintenance, alfalfa 








hay 

4, 148 


9,025 


9, 056 


-31 


14 

B 

1.5 maintenance, alfalfa 





[ 



hay 

5, 315 

1, 167 

12, 558 

3,027 

10,233 

1 1,009 

2,325 

2, 018 


“ This value, determined as the difference between 2 rations, is very slightly in error as representing the 
corn meal added to the basal ration owing to the fact that while the basal ration and the basal components 
of the supplemented ration were identical, on the fresh basis, they differed slightly in moisture content in 
the 2 rations (periods) compared. 


The net energy value of the corn meal is the difference between 
the metabolizable energy value and the heat increment value; or, 
it may be said to represent the difference in the gain of energy be- 
tween the two periods compared, related to the difference in feed 
(corn meal). 

This method of computation of the net energy value of a single 
feeding stuff, for body increase, was proposed by Armsby and was 
employed by him in many of his experiments. It is the simplest 
and most direct of the methods available for this piu-pose, and in 
this series of experiments is the only method usable. It has, how- 
ever, some undesirable features which must be recognized. These 
have been discussed at some length by one of the writers elsewhere 
( 19 ). The important fact to bear in mind in this connection is 
that in case the difference in feed consumed in the periods compared 
is small, this method of computation may cause extensive exaggera- 
tion of experimental errors. 

The metabolizable energy values of the corn meal exhibited ap- 
preciable variation, the highest value being obtained when The corn 
meal wms fed in combination with the basal ration containing oat 
straw. 

The most striking results of these experiments are the very dif- 
ferent heat increment values obtained for corn meal in the different 
comparisons made. Thus, for steer B the heat increment values 
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for corn meal in the three rations containing oat straw, timothy 
hay, and alfalfa hay were 821,1,301, and 1,009 Calories., respectively, 
while for steer A the eoiTesponding values for the rations containing 
oat straw and tiiiiothy hay were 933 and 1,306 Calories, respectively. 

As a result of the variations observed in the metabolizable energy 
values, and in the heat increment values, the net energy values of 
the corn meal for body increase also vary greatly. When the corn 
meal was coinbined with the basal ration of oat straw and corn 
meal the net energy value per kilogram of dry matter of the added 
meal was found to be 2,454 Calories for steer A, and 2,518 Calories 
for steer B. In the timothy-hay corn-meal combinations the net 
energy" value of the meal was found to be 1,858 Calories for steer 
A, and 1,645 Calories for steer B. When the corn meal was added 
to the high-protein basal ration containing alfalfa hay the net energ}- 
value of the meal was 2,018 Calories for steer B, and for reasons 
alreacly explained there is no value given for steer A. These results, 
therefore, show maximum variation in the apparent net energy value 
of corn meal for body increase, at comparable planes of nutrition, 
with a single experimental subject, between 1,645 and 2,518 Calories. 

These differences in metabolizable energy, heat increment, and 
net energy values of corn meal for body increase may be regarded 
mainly as results of mutual nutritive supplementation of the ration 
components, but also in part as results of the individuality of the 
experimental subjects and of arithmetical exaggeration of experi- 
mental error, the principles of which have been discussed atlength {11). 

The plan of experimentation was not such as to reveal the degrees 
of nutritive supplementation among ration components which 
were effective in these relations. Under the circumstances, it would 
be idle to attempt an analytical accounting for the differences in 
results obtained. 

The foregoing observations having to do with nutrition on a pro- 
duction level, similar comparisons will be made of the values of the 
basal rations, fed on planes of approximate energy equilibrium. 
(Table 6.) 


Table 6 . — Metabolizable energy, heat increment, and net energy values of the 
basal rations, for maintenance 


Peri- 

od 

No. 

Steer 

Components of rations 

Dry 

matter 

of 

daily 

ration 

. 

Metabolizable 

energy 

Heat 

pro- 

duc- 

tion, 

cor- 

rected 

Fast- 
, ing 
katab- 
olism 

1 

Heat incre- 
ment 

Net 

energy 

per 

kilo- 

gram 

of 

dry 

matter 

Utili- 

zation 

of 

metab- 

oliz- 

able 

energy 

Total 

Per 
kilo- 
gram 
of dry 
matter 

Total 

Per 
kilo- 
gram 
of dry 
matter 

4 

11, „„ 
12.,,. 

A '■ 

B 

i A i 

B 

'A, 

B 

\Oat straw, corn meal, 

i molasses.--,-.. 

ITimothy liay, corn 
/ meal..-. 

1 Alfalfa hay, wheat 
.1 bran, linseeti m.eaL.., 

Grams 
{ 3.954 
t 3.610 

1 3.970 

1 3.428 
/ 4. 801 

1 4. 148 

Calo- 

ries 

8, 767 
7, 646 
8,980 
7,410 
10,978 
9,025 

Calo- 

ries 

2,217 

2, 118 

2, 262 

2, 162 

2, 287 
2,176 

Calo- 
1 Ties 

9, 233 
8, 530 
8,869 
7,854 
10,122 
9, 056 

Calo- 

ries 

6, 309 
6,054 

6, 309 
6,054 
6,309 

6, 054 

Calo- 

ries 

2,924 

2,476 

2, 560 
1,800 
3,813 

3, 003 

Calo- 

ries 

740 

686 

645 

525 

794 

724 

‘ Calo- 
ries 
1,477 

1, 432 
1,617 

1, 637 

1, 493 

1, 452 

Per 

cent 

66. 6 
67.6 
71. 5 
75. 7 
65. 3 
66. 7 


In spite of the obviously marked differences between the nutritive 
values of the three basal maintenance rations, their metabolizable 
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energy per kilogram of dry substance was approximately the same for 
the three; thus the metabolizable energy Tallies for the ration of oat 
straw^ corn meal, and molasses for steers A and B were 2,217 and 2,118 
Calories, respectiTely; for the timothy-hay and corn-meal ration the 
corresponding values were 2,262 and 2,162 Calories; and for the 
ration of alfalfa hay, wheat bran, and linseed meal the values were 
2,287 and 2,176 Calories. 

The heat increments per kilogram of dry matter of ration also 
agreed closely. These values for steers A and B, respectively, were, 
for the oat-straw and corn-meal ration, 740 and 686 Calories ;*^ for the 
timothy “hay and corn-meal ration, 645 and 525 Calories; and for the 
alfalfa-hay, wheat-bran, and linseed-meal ration, 794 and 724 
Calories. 

The net energy values per Idlogram of dry matter of these rations 
for maintenance were, for steers A and B, respectively, for the oat- 
straw and corn-meal ration, 1,477 and 1,432 Calories; for the timothy- 
hay and corn-meal ration, 1,617 and 1,637 Calories; and for the 
alfalfa-hay, wheat-bran, and linseed-meal ration, 1,493 and 1,452 
Calories. 

Further, the utilization of the metabolizable energy of these three 
basal maintenance rations by steers A and B, respectively, were, for 
the oat-straw and corn-meal ration, 66.6 and 67.6 per cent; for the 
timothy-hay and corn-meal ration, 71.5 and 75.7 per cent; and for 
the alfalfa-hay, wheat-bran, and linseed-meal ration, 65.3 and 66.7 
per cent. 

These data reveal the fact that the two steers vrere in remarkably 
close agreement in capacity to utilize the three rations, but that each 
of the rations exhibited a liigher metabolizable energy, a higher heat 
increment, and a lower percentage utilization of the metabolizable 
energy for steer A than for steer B. 

In the light of these observations it is biglily probable that the net 
energy value of the corn meal, for body increase, for steer A in the 
unsuccessful period 13 would have been essentially the same as was 
determined for steer B in period 14, if the conditions governing the 
heat production in the former case had not got out of control. 

It is regrettable that the diversity which characterizes net energ}^ 
values of individual feeding stuffs can not be factored in such manner 
as exactly to separate the complex combinations of contributing 
influences, and to assign each to its cause or source; but the situation 
is so exceedingly complicated that the best that can be done at this 
time is to study these influences, one at a time, in specially devised 
and elaborately controlled investigations, and thus demonstrate their 
existence, and the ways in which and the prominence with which they 
affect results. 

The general significance of the results of this study, therefore, is to 
tend to support the conclusion of Forbes (7) that foodstuffs express 
their characteristic net energy values only as they are components of 
nutritively complete rations; which is equivalent to the position that 
net energy values of individual feeding stuffs are not constants; also, 
in this light, such values seem not to be characterized by accuracy 
commensurate with the particularity, the laboriousness, and the ex- 
pense of directly determining them. 

Intensive research on the energy metabolism of farm animals may 
be fully justified, however, by the determination of principles of 
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general applicability; and such principles may be of immense service 
to econoiiiic interestSj even though compromises are naadeyn utilizing 
them which are limited, in degree, only by the desirability of the 
immediate economic results. 

The practical consec[uences of this conclusion are discussed in a 
paper by Forbes (S), 

SUMMARY 

The associative or supplementing effects of feeding stuffs in com- 
bination were studied by respiration calorimetry in a duplicate series 
of observations with two 2-year-old steers as experimental subjects, 
the specific object of the investigation being to learn whether the 
net energy values of feeding stuffs are affected by the nutritive balance 
of the combinations in wMch they are fed during 28-day periods of 
experimentation — in other words, to learn whether net energy values 
of individual feeding stuffs are constants. 

Energy-balance determinations were made with each of the steers 
during fast, at the energy-maintenance level with three rations of 
different character, and at a production level, the rations being the 
same as the three fed at the maintenance level, plus corn (maize) 
meal equivalent to half of the estimated energy-maintenance 
requirement. 

The three basal rations differed widely as to protein, mineral, and 
presumably as to vitamin contents and therefore differed in their 
capacities to supplement corn meal. 

Heat production was measured by direct calorimetry, checked by 
indirect measurement. 

The apparent digestibility of the corn meal differed decidedly as 
affected by the other constituent feeding stuffs of the rations in which 
it was fed and therefore affected the net energy values determined. 

The apparent metabolizable energy values of corn meal, fed on a 
production level, differed between 2,946 and 3,339 Calories per 
kilogram of dry matter in the case of one steer, and between 2,944 and 
3,387 Calories in the case of the other, as affected by the rations in 
which the corn meal wms fed. 

The apparent net energy value of corn meal, fed on a production 
level, differed between 1,645 and 2,518 Calories per kilogram of dry 
matter, in the case of one steer, as affected by the rations in wMch the 
corn was fed. 

The average of the three lowest determinations of the digestible 
crude protein maintenance requhement of these steers was 21.7 g per 
100 kg of live w^eight per day. 

The ratios of carbon to nitrogen in the urine were 1.2, 1.2, 1.3, and 
1.3 to 1 on high-protein rations, and 3.6, 3.2, 3.2, 3.7, 3.3, 3.8, 3.9, 
and 4.0 to 1 on low-protein rations. 

The results tend to support the conclusion of Forbes that feeding 
stuffs express their characteristic net energy values only as they are 
eompqnents of nutritively complete rations. 

Individual foodstuffs, it seems, are susceptible of only superficial 
evaluation apart from the rations in which they are used. 

It is necessary, therefore, to redirect the interest of the student 
and of the practical animal husbandman to energy values of rations 
as wholes, especially of nutritively balanced rations, rather than to 
such values of their constituent feeding stuffs. 
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FACTORS AFFECTING INFECTION OF WHEAT HEADS 
BY GIBBERELLA SAUBINETII ^ 

By Gbacb Wineland Pugh, formerly Assistant Pathologist, and Helex Johaxx, 

Associate Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant 

Industry^ United States Department of Agriculture, and James G. DicksoNj 

Professor of Plant Pathology, University of Wisconsin, and Agent, Division of 

Cereal Crops and Diseases, Bureau of Plant Industry, United States Department 

of Agriculture 

INTRODUCTION 

The major portion of the work upon which this report is based was 
carried on in 1920, 1923, and 1924 as part of a general study of the 
diseases of cereals caused by Gibberella saubinetii (Mont.) Sacc. and by 
certain species of Fiisarium. The present paper describes inoculation 
experiments and histological studies of wheat scab, or head blight, 
caused by 6. saubinetii, together with such macroscopic observations 
as have a direct bearing on the host-fungus relationship. 

WHEAT SCAB A FLORAL INFECTION 

According to Palchevsky (6),^ Woronin in 1889 observed that wheat 
kernels infected with the conidial stage of Gibberella saubinetii, which 
he called Fusarium roseum Lk., were considerably lighter in weight 
than normal kernels. Woronin did not, however, investigate the 
method of infection or the factors influencing the severity of the 
disease. 

In 1891, xirthur {2) reported that wheat scab is a floral infection. 
He states that the spores of the fungus blow through the air and lodge 
on the delicate parts inside the flower, and that the fungus soon 
penetrates the kernel, sapping its life, and forms new spores, which 
may spread to other flowers throughout the field. Atanasoff (S) also 
concluded that infection was local rather than systemic. 

SYMPTOMS 

Wheat scab, or he9d blight, is found throughout the wheat-growling 
areas of the Corn Belt. If conditions are favorable for its develop- 
ment and spread, the disease, by preventing the normal growth of 
infected kernels, may cause a marked reduction in yield; and, because 
of the metabolic processes of the fungus within the kernels, the grain 
produced will be of inferior quality. (Fig. 1, k.) 

1 Received for publication Aug. 10, 1932; issued June, 1933, Cooperative investigations between the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, U.S. Department of Agriculture, and the 
Wisconsin Agricultural Experiment station. 

2 The writers wish to acknowledge their indebtedness to Eugene H. Herrling, of the Department of Plant 
Pathology, University of Wisconsin, for making a large number of the photomicrographs used in the paper. 

3 Reference is made by number (italic) to Literature Cited, p. 797. 
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The first symptom of infection within a spikelet may be a pinlosh 
int in the anthers protruding between the glimies, or a water-soaked 
irea on a ghmie that first turns purplish brown and then loses its 


Figure l.—.y Healthy kernels of 'wheat (left) and blighted or scabbed kernels (right); B, perithecia 
of Gwoerella mubinetii on glumes and rachilla of infected spikelet of wheat; C, normal green head 
of wheat fleftl and two infected heads (right), lower spikelets on middle head not diseased; D, 
infected spikelet containing caught anthers (a) and showing fungus growth on external surface of 

glumes , , 


color. Later on, masses of conidia often give a pink color to the 
margins or surfaces of the glumes. (Fig. 1 , D .) Small blue perithecia 
may occm on the glumes or at the b^ase of spikelets, especiallyji^^in 
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certain bearded winter wheats. (Fig. 1, B.) If only scattered spikelets 
are infected, their smaller size and bleached glumes form a marked 
contrast to the adjacent normal green spikelets. The first infection 
usually occurs near the middle of the head. Spikelets just above and 
below those first attacked often develop the disease, and finally the 
entire head may be killed, as indicated by the characteristic bleached- 
straw color. (Fig. 1, C.) 

MATERIAL AND METHODS 

The experiments reported in this paper were carried out in the field 
and in greenhouses at the University of Wisconsin, Madison, Wis. 
Inoculations were made almost exclusively on pure-line Marquis and 
Prelude wheats. In the field, infections were studied as they occurred 
naturally and as they resulted from inoculations with a conidial sus- 
pension of Gibberella saubimtii on wheat heads in various stages of 
development, kept at the necessary high humidity in glassine bags 
during the period of incubation. In the greenhoiise, plants in flats 
were brought to flowering by the aid of artificial light, so that they 
were ready for inoculation in the early spring. After inoculation the 
plants were placed in chambers in which the conditions of temperature 
and humidity could be controlled. The chambers were kept at con- 
stant temperatures of approximately 12^, 20°, 24°, 28°, and 32° C. 
At 28° and 32° the relative humidity was maintained at 70 to 75 
percent. At the lower temperatures the humidity was lowered until 
the rate of evaporation, as indicated by the Livingston atmometer, 
was the same as that maintained at the higher temperatures. Notes 
were taken on the progress of infection until the disease had run its 
course or the heads were harvested. 

The stages of development of the wheat heads recorded in the tables 
were determined by observation at the time of inoculation. Individ- 
ual spikelets were recorded as ^‘flowering^’ if one or more flowers dis- 
played anthers that were not fully discharged. WLen the anthers 
were white and appeared to contain no pollen the spikelet was consid- 
ered to be in the ^^past-flowering, A’’ stage. The period from the 
time when anthers no longer adhered externally to the glumes to the 
soft-dough stage was termed the “past-flowering, B” period in the 
development of the kernel. 

The greater part of the histological material studied was killed in 
Gilson’s fixative^ or in JueFs zinc-chloride fixative,^ embedded in 
paraffin, sectioned, and stained in Delafield’s haematoxylin and 
erytlirosin. The difficulty usually encountered in cutting serial sec- 
tions of entire spikelets was overcome by demineralization with hydro- 
fluoric acid. After being killed and partly dehydrated, entire spikelets 
as well as the hard mature kernels were immersed for 72 hours in equal 
parts of hydrofluoric acid and 70 per cent alcohol. For spikelets in 
the flowering stage, 53 hours’ treatment with the hydrofluoric acid 
solution proved sufficient. The material was then washed in water 
for 24 hours and put through the paraffin-embedding process. Szom- 
bathy’s ^ ttanning ” process, as recommended by Artschwager (9), was 
employed in fixing the paraffin ribbons to the slides. 

. * Gilson's fixative: 95 per cent alcohol, 126 cc; distilled water, 180 cc; glacial acetic acid, 54 cc; concen- 

trated nitric acid, 6 cc; mercuric chloride (saturated solution), 33 ce. 

^ Juel's fixative: zinc chloride, 10 g; glacial acetic acid, 10 g; 50 per cent alcohol, 500 cc. 
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FIELD AND GREENHOUSE STUDIES 

INITIAL INFECTION AND INCUBATION PERIOD 


In the greenhouse and in the field, studies were made on initial in- 
fection and length of incubation period in wheat scab as infiiienced by 
temperatiire, himiidity, and the stage of development of the wheat 
head. 

In the greenhouse in 1923 and 1924, inoculation of the heads was 
more effective at flowering time than at earlier stages, though under 
certain conditions there was a relatively high percentage of infection 

w h e n t h e inoculum 
was applied in the out- 
of-the-boot and be- 
fore-flowering stages. 
(Table 1.) In all 
cases it was necessary 
to maintain a high at- 
mospheric humidity, 
without which infec- 
tion is difficult. In 
the field, in 1924, in- 
oculations made at 
flowering time or just 
piwiously gave the 
highest percentages 
of infected kernels 
per head. (Table 2.) 
Peihaps the best indi- 
cation of the relation 



stage of 


Figure 2.--Relation between stage of development in which heads 
were bagged and inoculated and the weight of grain per head. (Data 
in Table 2) 

between the 

development of the host and the severity of infection is the reduction 
in weight of infected kernels per head. Table 2 and Figure 2 show that 
the greatest reduction in weight of kernels occurred in heads inoculated 
at flowering time. The percentage of infection in both Marquis and 
Prelude wheat increased as the temperature rose. (Tables.) Atl2°C. 
infection occurred on extruded anthers but did not spread into the 
living tissues. 


Table ^ JnfecfzoTi in keods of wheat inoculated at various stages of development 

tptth (jtbherella saubinetii and incubated during the progress of infection at 20° 
2S f and S2° C. ^ 


Stage of development at inoculation 

Prelude wheat « 

Marquis wheat 

Heads 
inocu- ' 
lated i 

Heads infected ! 

Heads 

inocu- 

lated 

Heads infected 

In bcK)t,. 

Number 

33 

13 

14 
52 
81 

i Number 

0 

0 i 
b 

u ; 

31 

Per cent ' 
0 

0 

0 

26. 9 
38.2 

Number 

15 

■ , 17' 

51, 

lOO 

i" 143 

■' . 1 

Number 

1 

1 

31 

55 

98 

Per cent 
6.6 
5- 8 
60.7 
55. 0 
68. 5 

Half out of boot_._ A 

Out of boot-. .. .. 

Before flowering- . 

Flowering..- 


® Notes taken for one week only because of injury by fumigation. 
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Table 2. — Average number of kernels, percentage of infected kernels, and percentage 
reduction in weight of kernels, per head, of Marquis wheat inoculated in the field 
at various stages of development with Gibberella saubinetii 


stage of development at 
inoculation 

Healthy-kernel 

data 

Infected -kernel data 

Heads 

counted 

Average 
kernels 
per head 

. 

Heads 

counted 

Infected 
kernels 
per bead 

Heads 

weighed 

Average 
reduc- 
tion in 
weight 
of ker- 
nels per 
head fol- 
lowing 
inocu- 
lation 


Number 

Number 

Number 

Per cent 

Number 

Per cent 

1. In boot 

7- 

18.8 

2 

7. 98 

5 

11.1 

2, Emerging from boot 

17 

21.2 1 

7 

22.2 

11 

37.7 

3. Half out of boot to before flowering 

71 

17.1 

45 ' 

56. 6 

26 

58. 4. 

4. Flowering 

15 

19.9 

11 : 

50.0 

17 

63.0 

5. Past flowering, A 

16 

25.0 

11 : 

43. 24 

15 

52. 9 

6. Past flowering, B. 

30 

24.8 

19 : 

35.2 

31 ' 

20. 4 

Control (not inoculated or bagged) 

ICO 

23. 8 

100 ; 

0 

IS 

0 


Table 3. — Infection in heads of Prelude and Marquis wheat inoculated at various 
stages of development with Gibberella saubinetii and incubated at various tempera- 
tures during the development of the disease 



Prelude w'heat 

Marquis wheat 

Temperature during incubation 
°C. 

Heads 
inocu- 
lated ; 

Heads infected 

i 

Heads 

inocu- 

lated 

Heads infected 

12. ’ 

Number 

Number 

Per cent 

Number 

124 

Number 

0 

Per cent 
\ 0 

20 ' ' 

52 : 

1 

1.9 

150 


44.6 

28 

60 

12 

20. 0 

176 

118 

67.0 

32 

81 

32 

39. 5 







In the greenhouse, the length of the incubation period was influ- 
enced by temperature, the higher temperatures accelerating the ap- 
pearance of the disease. (Table 4.) The length of the incubation period 
varied also with the stage of development of the spikelet, decreasing 
as the plants matured, as shown by inoculations made July 16 to 25, 
1924. (Table 5.) Although inoculum was applied in some instances 
as early as the out-of-the-boot stage, infection was not evident until 
the flowering stage. Such an interval implies either that infection 
may have occurred early but developed so slowly that it was not 
apparent until flowering time or that it actually did not occur before 
the flowering stage. Microscopic examination of sectioned material 
indicated that the latter supposition is correct. Moreover, under 
favorable conditions, the fungus may remain viable on the head for a 
number of days. In that case, the progress of infection on the wheat 
head might be expected to follow, to some extent at least, the progress 
of anthesis. 
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Table 4. — Incuhation periods at various temperatures after inociilahon of heads 
of Marquis wheat, in the hef or e-flowering and flowering stages, with Gibber ella 

saiihinetii 


Tempera- 

ture 

°C. 

20-.. 

20 

2S 

Stage of development 

Heads 

inocu- 

lated 

Average 
length of 
incuba- 
tion period 

Tempera- 

ture 

Stage of development 

Heads 

inocu- 

lated 

Average 
length of 
incuba- 
tion 
period 

Before flowering.-. . 

Flowering ... 

Before flowering ... 

N'umber 

11 

S 

16 

Days 

16.4 

15.8 

10.1 

28 

32 

32 

Flowering- . 

Before flowering. 
Flowering- -. 

Number 

16 

6 

21 

Days 

8.1 

4.5 

4.5 

Table 

■u 

5 . — Incuhation periods after inoculation, in the field, of heads of Marquis 
dieat, in various stages of development, with Gibber ella saiibinetii 

Stage of development 

Heads 

inocu- 

lated 

Average 
length of 
incuba- 
tion 
period 

Stage of development 

Heads 

inocu- 

lated 

Average 
length of 
incuba- 
tion 
period 

Emerging from boot 

Half out "of boot 

Out of boot 

Before flowering 

Number 

IS 

40 

35 

28 

Days 

a 12 

6.9 

6.6 

4.1 

Flowering 

Past flowering, A 

Past flowering, B 

Number 

47 

25 

35 

Days 

3.6 
a 5 

3 


« Period probably too long. No reading for two days preceding the record of first infection. 


ANTHESIS AND THE PROGRESS OF INFECTION 

Concerning the interval between emergence from the boot and 
flowering, Percival says (7, p. 122, 124): 

Anthesis, or opening of the flower, follows the escape of the ear from the upper 
leaf-sheath in five or six days, although in some instances it occurs on the first 
day, or may be delayed until the ninth day after the appearance of the ear 
* ^ In ears possessing 16-18 spikelets the 8th to 12th usually open first; 

in those with 28-30, the 16th to 20th. Anthesis proceeds upwards and down- 
wards from these points in more or less regular succession, the apical and basal 
spikelets being the last to flower. 

According to Leighty and Sando {5, p. 236), it seems to be the con- 
sensus of opinion that the first spikelets to flower are situated in the 
upper part of the middle third of the head, or in the lower half of the 
upper third. They say that, considering the head as a whole, the 
flowers above ^ the first flower to bloom complete their blossoming 
before those situated below this flower. In the spikelet, the lowest 
flower usually blooms first, followed by the others in order from lowest 
to highest on successive days. They also state (5, p. 240) that it 
seems evident — ' 

Tliat temperature, rainfall, and sunshine are intimately associated with the 
blooming of wheat flowers Temperature, however, seems to be the 

most important of the meteorological influeiices affecting blooming. 

In the experiments that they recorded, the maximum blooming 
occurred on May 15 and 16, days when the temperatures were 76^ 
and 78^^ F., respectively, and when almost perfect sunshine with no 
rainfall was registered. Anthers in flowers opening on clear days 
dehisced more rapidly than those in flowers opening on cloudy days. 
The}/' state that — 
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Cloudiness or rain has the effect of retarding biooming, principally through the 
lowering of the temperature to a point below the optimum for this process. On 
cloudy or rainy days, however, when the temperature is favorable for blooming 
the flowers either open incompletely or bloom eieistogamously. On May 18 
flowers were observed opening in a drizzling rain and pollen was shed from the 
anthers. No flowers were observed to open at any time during a rain of such 
intensity as to permit droplets of water to adhere to the glumes. 

In 1923, experiments on 27 heads of Marquis wheat inoculated 
before blossoming by spraying with a conidial siispeiisioii of Gibberella 
saubinetii and incubated under controlled conditions of temperature 
and humidity showed that the location of &st infections paralleled 
somewhat the theoretical progress of an thesis, as illustrated in the 
following tabulation: 


Spikelet 

No.& 

l._ 

2 _. 

3.. 

4.. 
5 - _ 
6 -. 


Number of 
first 

infections*' 

_ 0 

Number of 

Spikelet first 

No,8 infections" 

7 „ 6 

0 

8 _ _ 3 

0 

9 6 

1 

10. _ - 1 

4 

11 _ _ 3 

8 

12 ... 3 


In these inoculations, 77.1 per cent of the first infections were 
recorded as occiUTing on spikelets 5 to 9. No record was made 
of the average number of spikelets per head. The heads were, how- 
ever, shorter than those grown in the field, which averaged a little 
more than 16 spikelets per head. 

In 1924, inoculations were made in the field on heads of Marquis 
wheat that were flowering. Individual spikelets of these heads 
were recorded as ^^before fiowering’b ^‘flowering’b and “after flower- 
ing’ ^ The record of fii’st infections on 25 of these heads showed 
27 per cent of the first infections in spikelets that had not yet reached 
the flowering stage at the time of inoculation, 53 per cent in those 
that were in the flowering stage, and 18 per cent in those that were 
in the past flowering stage at the time of inoculatioix. 

In 1923, heads of Marquis wheat in the early-flowering stage 
were inoculated with a conidial suspension of Gibberella saubimtii 
and incubated at 20° and 28° C. The results (Table 6) show that 
all first infections occurred on spikelets in flower or on spikelets 
adjacent to them. 

On July 18, 1924, heads of Marquis wheat in the eariy-flowering 
stage were inoculated in the field with a conidial suspension of 
Gibberella saubinetii. The results (Table 7), with two exceptions, 
were similar to those obtained in the preceding experiment. 

On July 19, 1924, heads of Marquis wheat in the flowering and 
past-flowering stages were inoculated in the field with a conidial 
suspension of Gibberella saubinetii. The results (Table 8) show 
that the position of first infection was less regular than in the two 
previous experiments. Because of the difl&culty of determining the 
later stages in the development of the spikelets, errors are more apt 
to occur than in records of the earlier stages. Ne vertheless, Table 
8 indicates that first infections follow in some measm^e the progress 
of an thesis, since the larger percentage of first infections on the 


« Spikelets are nximbered from base of head upward. 

? In some cases 2 adjoming spikelets on a head were found Infected at the 30rst reading. 
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lower spikelets occurred 011 the more m‘a,tiii’e heads. In. Table S 
the percentage of infections occurring below spikelet 7 is 42.3; in 

Table 7, 20. ... 1 . i 

It is ditEcult to compare the progress of infection on wheat heads 
with the progress of anthesis because both are often irregular. 
Apparently there are numerous exceptions to the general order of 
progression in flowering upward and do^wnward from some spikelet 
in the upper part of the middle thii*d of the head. According to 
Percival (7, p. '' Sometimes 4 or o spikelets on one side open 

before the rest; in other cases adjacent spikelets on opposite sides 
of the rachis flower almost simnltaneously.^’ Data on the progress 
of infection by spikelets on heads inoculated before blossoming and 
incubated at 20^^ and 28^^ C. are given in Tables 9 and 10. It will 
be noted that in some cases the progress of infection seems to parallel 
the theoretical progress of anthesis. In other cases the relation- 
ship is not so evident. 

Ill order to learn the trend of infection, two composite heads, A 
and B, were constructed from Tables 9 and 10, respectively. The 
resulting summaries are given in Table 11. 

In head A infection first appeared in spikelet 7 and spread upward 
and downward, the basal spikelet being the last to show infection. 
The time between the appearance of the first infection and the infec- 
tion of the basal spikelet was 8.5 days. 

In head B infection first appeared in spikelet 9, and in 4 days 
spread upward to spikelet 15 and downward to spikelet 4. Heads 
362 and 410, of Table 10, were irregular from the standpoint of the 
theoretical progress of anthesis. As a result, infection appeared in 
the fii'st three spikelets of head B, before it appeared in spikelet 4. 
Otherwise the progress of infection upward and downward from the 
initial infection followed the theoretical order of anthesis. At 28° C. 
the time between the fij’st infection and the last infection on head B 
was 4 days. This period, compared with the 8.5 days at 20° required 
to complete the spread of infection in head A, corresponds with the 
probable difference in the rate of flowering at the twm temperatures. 
Concerning the time required for flowering, Percival (7, p. 128) 
says: 

At Reading the whole ear often completes its flowering in 3 to 5 days when the 
air is warm and the sky clear; in w^et or dull weather the period is prolonged to 
6 or 8 days. 

In view of the possibility that infection may proceed through the 
rachis from the spikelets first infected to adjoining spikelets, a study 
was made of serial sections of the rachis on either side of visiMy 
infected spikelets and also of serial sections of apparently clean spike- 
lets adjoining spikelets visibly infected at the time of fixation. 
Mycelium was found to have advanced from infected spikelets through 
the rachis for some distance in both directions, but in the sections 
examined it had not actually invaded the adj oining spilcelets. Evi- 
dently this rachis infection usually resulted in cutting off the food 
and water supply of spikelets as well as in producing toxic by-products, 
thus bleaching the spikelets and shriveling the kemels. These symp- 
toms may easily be confused with those produced by the presence 
of mycelium wd thin the spikelets. Often the real condition can be 
determined onty by plating the kernels, or by microscopic ex- 
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amination of sectioned material. Undoubtedly some of the spikelets 
recorded as infected in Tables 7, 8, 9, 10, and 11 may be of this type. 
It is also conceivable that long intervals between initial infection and 
infection of neighboring spikelets may indicate infection through the 
rachis rather than from the exterior. 

Table 6.— Position of spikelets showing first infections in heads of Marquis wheat 
inocidated in the early --flowering stage with Gihherella sauhinetii and mcubated 
at and 28° C. 


[F denotes flowering stage; asterisk (*), first infection] 



Table 7. — Position of spikelets showing first infections in heads of Marquis wheat 
inoculated in the field, in the early-flowering stage, with Gihherella sauhinetii 

[F denotes flowering stage; asterisk (*), first infection] 
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Table S. — Ptmlirm of spikelets showing first injections in heads of Marquis wheat 
spikelets in the before- flowering, flowering, and past-flowering stages 
irLen inoadnled m the field with Gihherella saubinetii 

[F denotes flowering stage; P, past-flowering stage; asterisk (*), first infection] 



Table 9. — Progress of infection by spikelets on heads of Marquis wheat inoculated 
before flowering with Gihherella saubinetii and incubated at ^0° C. 

[Asterisk (*) denotes first infection] 



Table 10 . — Progress of infection by spikelets on heausoj Marquis wheat inoculated 
in the out-of-the-boot stage with Gihherella saubinetii and incubated at ^8° C. 



® Spikelets are numbered from base of head upward.' 



May 1 , 1933 Infection of Wheat Heads by Gihberella saubinetii 


781 


Table 11. — Progress of infection by spikelets on two composite heads of Marquis 

wheat 

[Asterisk (*) denotes first infection] 


Composite head 


Tem- 

pera- 


Position of first infections and interval (in days) between first and later infections 
for spikelet No. * — 



oure 
(“ C.) 

1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

11 

12 

13 1 14 

i 

15 

A 

20 

8.5 

7.5 

i 7.2 

5.7 1 

4.9 i 

4.3 i 

(*) 

4.2 

4.2 ^ 


1 1- 

: 

1 


B 

28 

2 i 

1 

! 2 

1 

^ i 

3.8 

3.5 1 

1 

2.4 

i 

j 2.1 1 

(0 i 

2. 2 

2.0 

' 2 7 

2.7 ! 3 

1 i - 

|-i 


« Method of construction of composite head A: The position of the spikelet in which first infection would 
occur in the composite head w^as determined by multiplying the number of times first infection occurred 
on each spikelet by the position number of that spikelet; the sum of these products divided by the total 
number of first infections gave the location of initial infection in the composite head as 6.63, or spikelet 7. 
The heads in Table 9 were then shifted in such a manner that all first infections fell in the seventh spikelet 
position, and the mean interval of time between the first and later infections was determined for each 
spikelet position. 

Spikelets are numbered from base of head upward. 


A possible explanation of the occurrence of infection at blossoming 
time was suggested by Atanasotf (4, p. 90). He says that f^Fusaria 
can not infect the cereal crops before the plants have passed the blos- 
soming period, i. e., before they cease rapid development and cell 
division, It is characteristic of weak parasites that they are more 
destructive when the host is growing under unfavorable conditions. 
Adams {1, p. 116-117) mentions this point in relation to head blight 
and cites several examples. In the present investigation the plants 
were kept under as favorable growing conditions as possible, except 
that in some cases in the greenhouse unfavorable temperatures were 
used. At the higher temperatures the percentage of infection reached 
its maximum. With the exception of the single head of Prelude wheat 
found infected at 20° C., which was recorded as inoculated before 
flowering, the highest percentage of infected heads at all temperatures 
was found in the groups that were flowering when inoculated. The 
low percentages of infection in Prelude 'wheat as compared with 
Marquis (Table 1) are due, partly at least, to the fact that notes on 
Prelude were taken for only 1 week after inoculation, whereas notes 
were taken on Marquis until the plants were dead, and also to the 
fact that Prelude is more resistant than Marquis, as indicated by 
later experiments. 

No infection occurred at 12° C., a temperature de(?idedly unfavor- 
able for the rapid development, pollination, and fertilization of wheat 
plants when in the flowering stage. Threshing notes show that prac- 
tically no kernels had been set on plants grown at that temperature. 
Leighty and Sando (5, p. 24^) report that flowers were not seen to 
open at a temperature below 56° F. (13° C.), but that pollen was 
observed to be discharged at 52° F. (11° C.). Authorities cited by 
them give 12°, 13°, 14°, and 16° C. as the minimum temperatures 
at which flowers were observed to open. Some of the plants used in 
these experiments were fliowering when they were inoculated and 
placed in the 12° chamber, so that certain spikelets may be considered 
to have flowered normally. Nevertheless infection failed to occur, 
probably because of the effect of an unfavorable temperature on both 
host and fungus, and possibly because of a lack of adequate humidity 
in the low- temperature chamber. 
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It seems clear that infection does not usually occur first on ^ the 
outside of the glumes. Only one spikelet of the many examined 
showed the parasite growing on the outside of the enveloping glumes. 
Ill that case it appeared to be growing in a drop of water lodged on 
the surface and had not actually penetrated the glnme. No fungus 
was found within the spikelet. Inoculation experiments in the field 
ill 1924 tend to confirm the belief that infection does not originate 
on the outside of the glumes. Areas on the outside near the center of 
30 glumes on spikelets in the before-flowering to the just-past-flowering 
stages were marked on 18 heads with a ring of india ink and then 
inoculated by applying a drop of spore suspension in sterile water, 
or a bit of infected agar, or by pricking with a needle dipped in spore 
suspension. The material was fixed at intervals of from 1 to 9 
days. Macroscopic observations indicated that no infection had oc- 
curred except in the case of the needle-prick inoculations, although 
conditions of humidity and temperature were favorable for rapid 
infection. The prick inoculations were made in a cool period_ with 
minimum and maximum temperatures of 14^ and 18°, respectively, 
at which the rate of infection is usually slow. Of the 9 glumes cut, 
only 2 showed penetration by the fungus. In one of these the 
liyphae had not advanced beyond the cells injured by the needle prick; 
in the other, hyphae were found to have penetrated to the depth of 
a few cells at the base of a spikelet inoculated with infected agar. 

Further indication that initial infection does not occur on the out- 
side of the glumes was found upon examination of serial sections of a 
number of diseased spikelets. Although the kernels showed a network 
of mycelium, there was practically no fungus on the outside of the 
glumes.® When infection of a spikelet has developed sufiSciently to 
attract the attention of a casual observer, there are often sporodochia 
at the base and along the margins of the outer glumes. The possibility 
that conidia may be held in drops of water at the base of the spilmlet 
until invasion has been effected is recognized, although it has not 
been observed to occur in any of the numerous cases of initial infection 
Studied. Growth of the fungus on the exterior seems to follow infec- 
tion within the glumes. 

After anthesis, infection appears to occur first on degenerating 
tissues such as anthers, styles (fig. 3, A and B), and pericarp, and to 
penetrate from these into the developing kernel or the inner surfaces 
of the glumes. 

Caught and retained anthers were the first tissues observed to serve 
as a base for invasion into the developing kernel. In field inoculations 
during 1920 it was noted that anthers caught between glumes fre- 
quently showed the first sign of infection. Within a short time the 
glume from which such an anther extended developed a water-soaked 
and discolored area. ^ By fixing and sectioning spikelets in the very 
early stages of infection, clear cases of infection beginning in caught 
and held anthers were found. 

Little information has been found in the literature on the frequency 
of retained anthers. Leighty and Sando (^, p, 23S) noted that 5 per- 
eeiit of the 406 flowers on the heads under observation did not open 
at all or opened only far enough to allow the tips of the anthers to 

S The term ^ ‘ glume ’’ is here construed ia the b-r<^er sa:nse to include lemma an(3 palet. 
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Figure 3.~A, Portion of a longitudinal section of a spikelet showing an early stage of anther infec- 
tion; hyphae. X 57- B , Portion of a degenerating style which apparently seri^ed as a eonnecting 
tissue between an infected anther and the kernel in the same flow^er. X 136. C, Portion of a longi- 
tudinal section of the developing kernel in the flower containing the anther in A; serial sections 
show that there is no fungus in the kernel- X57 
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extriiile between tlie gitiiiies, but that all these flowers set kernels. 

Percival (7j p. 12 J) says: 

Ptetentioii of the anthers, which is most frequent in dense-eared wheats, occurs 
cliiefly in the lower spikelets of ears and the smaller flowers of each spikelet, some 
of which do not open at all. 

In the season of 1924 records were made of retained anthers in 
inoculated heads and also in the 100 uninociilated heads of Marquis 
wheat that tvere harvested for the purpose of obtaining information 
on caught anthers, independent of inoculation. Notes were taken 
only on the first and second flowers, for it \yas found upon examination 
of 15 heads of uninoculated Marquis wheat grown in the field that 
only 6 per cent of the third flo\vers in the spikelets had set kernels. 
The data presented in Table 12 show" that there were retained anthers 
in 22.5 to 85.5 per cent of the fertile flowers observed and in 58 to 92 
per cent of the spikelets counted. They also indicate that retention of 



Figure 4.“-Distribut,ion of spikelets in Marquis wheat having one or both fertile flowers with caught 
anthers, based on 100 heads uubagged and uninoeulated and 25 heads bagged and inoculated with 
Gibberella saubmetU in the field. (Data in Table 12) 


anthers is not the result of infection, because the percentages for 
checks were higher than for inoculated plants. The data for Marquis 
wheat are presented graphically in Figure 4. It will be noted in Figure 
4 that a comparatively high percentage of retained anthers was found 
in spikelets Nos. 2 to 12, inclusive. The tabulation on page 777 and 
Tables 6 to 11 likewise show that, with three exceptions, all the first 
infections recorded occurred below spikelet 13. Two varieties of 
wheat studied, Norka (G. I. No. 4377®) and Carina (C. I. No. 3756) 
shoyred marked differences in the percentage of fertile flowers with 
retained anthers. (Table 13.) Likewise there was a higher percentage 
of infected kernels in the variety having the higher percentage of 
retained anthers. 


® G. I. refers to accession nuiuber of the Divisaon of Cereal Crops and Diseases, formerly Office of Cereal 
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Table 12. — Percentage of anthers held by glumes after anthesis in several varieties 
of wheat j uninoculated or inoculated j artificially or naturally^ with Gibberella 
sa ubinetii, in the field 


Variety 


Marquis 

Several varieties 

Norka (C. I, No. 4377) 
Carina (C. I. No. 3756) 
Variety not known 


Treatment 

Heads 

observed 

Fertile 

flowers 

with 

retained 

.anthers 

Spikelets 
with 
retained 
anthers 
in first or 
second or 
both fer- 
i tile flow- 
ers 

N ot inoculated 

Number 

100 

25 

6 

15 

8 

15 

18 

15 

11 

15 

14 

Per cent 
; 46.8 

Per cent 

m 

58 

Inoculated ... 

Natural infection 

52 

34.5 

22.5 

55.7 
47 

85. 5 
73 

69.8 

57.8 

___do 1 


do -- ' 


Not inoculated 

76.7 

Inoculated 

Not inoculated 

91.9 

Inoculated - 

Not inoculated 

83.4 

Inoculated 




Table 13. — Percentage of fertile flowers with retained anthers and of kernels 
infected in Norka and Carina wheat inoculated in the field, in flowering to past- 
flowering stages, with Gibberella saubinetii 


Variety 

C.I. No. 

! 

Heads ex- 
amined 

Fertile 
flowers 
with re- 
tained 
; anthers 

Kernels 

infected 

Norka - 

4377 

3756 

Number 

18 

11 

Per cent 
47 
73 

Per cent 
« 19.5 
40.1 

Carina 



« Percentage based on 17 heads. 


HISTOLOGICAL STUDIES 

In connection with the experiments in both field and greenhouse, 
histological studies of inoculated spikelets were made in order to 
determine the mode and course of infection in more detail than was 
possible from macroscopic observations alone. By means of serial 
sections through entire spikelets it was possible to follow the course 
of infection in the various parts of individual spikelets and to ascertain 
the presence or absence of retained anther tissue. 

INFECTION OF GLUMES 

It seemed clear from macroscopic observation of diseased spikelets 
that it is unusual for infection to begin on the outside of the glumes 
and then proceed to the kernel. Moreover, the inoculation of the 
outer surface of the glumes, in the field in 1924, as stated previously, 
gave negative results. 

As long as the flowers of a spikelet remain closed the spikelet 
appears to be effectively protected against infection by the thickened 
and suberized walls of the outer epidernais of the glumes. This 
protection is found in the highest degree in the outer epidermis of 
the outer glumes and to a lesser degree in the outer epidermis of the 
lemmas and palets. The walls of the inner epidermis of the empty 
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dimies and of both flowering glumes were thickened toward the 
distal ends, the thickening extending considerably ^ farther toward 
the base of the spikelet in the empty glumes than in the flowering 
glumes. As a rule, the walls of the epidermal cells of the glumes are 
tliickened where ih&j are exposed and are practically impenetrable. 
(Fig. 5, A.) Penetration of the less thickened walls of the inner 
epidermis of the glumes is not so difficult and apparently occurs 
frequently. (Fig. 5, B.) 

The heaviest growth of mycelium in badly infected glumes, rachis, 
or culms is found in the clilorophyllous tissue. ^ (Figs, 5, C, and 6, C.) 
Apparently the nutrient value of these cells is high and their thin 
walls offer little resistance to the fungus. 

Sporodochia are often observed at the base of spikelets in advanced 
stages of infection. The stroma supporting them seems to be in the 
chlorophylloiis tissue. Conidiophores emerge through the stomata 
at first (fig. 6, D), but with the massing of mycelium within the tissue 
they break through the epidermis elsewhere, frequently pushing 
outward between the lateral walls of the epidermal cells. (Fig. 6, A 
and B.) Sporodochia may extend upward from the base of the 
glumes, particularly along their lateral edges, but this growth also 
appears to follow internal infection. (Fig. 6, C and D.) ^ 

The vascular elements are not particularly attractive to Gib- 
berella, although any bundle that lies in the path of the hyphae may 
be invaded. (Fig. 7, B.) The phloem shows much heavier infection 
than the xylem vessels. The thin cellulose walls of the phloem and 
companion cells are apparently penetrated without difficulty, and 
it seems reasonable to suppose that a rich medium is offered. There 
appeal’s to be less fungus in the annular and spiral vessels than in the 
pitted ones. A rather uniform^ constriction of the hyphae as they 
pass through the walls of the pitted vessels indicates that passage is 
effected through the pits. The manner of penetration of the wails 
of the annular and spiral vessels was not determined. It seems 
probable that penetration is effected at some unthickened part of the 
wall. .... 

In thoroughly infected glumes, myceliimi may be found throughout 
the thick-walled cells of the ground parenchyma, but, owing to the 
thick lignified cell walls and the absence of cytoplasm, it is not massed 
as it is in the assimilating tissue. (Fig, 7, D.) These thick-walled ligni- 
fied cells do not collapse even when heavily infected. The fungus 
apparently makes its ’way from cell to cell through the pits and not by 
penetrating any of the lignified parts. 

The thin-walled ground parenchyma of the rachis and culm is 
composed of short-lived cells that are polygonal or rounded in cross 
section and have finely pitted walls. In this tissue the hyphae are 
found chiefly in the intercellular spaces. (Fig. 7, A.) Infrequently, 
the hyphae go directly through the cell walls, but the intercellular 
path, being the line of least resistance, is usually followed. In 
general it may be said that Gibberella saubinetii is both intercellular 
and intracellular in the various tissues of the host. The path of the 
fimgiis as it goes from cell to cell leads through pits or thin places in 
the walls. The attenuation of the hyphae to a threadlike thinness 
as they pass through the ’walls seems to be of common occurrence in 
all tissues,. (Fig,,7j C.) ' ; ' ,, 
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Figure 5. — A, Portion of a cross section of a lemma in an infected spikelet, stained with 
safranine and orange G to bring out differences in the nature and thickness of the walls of the 
epidermis on the outer and inner surfaces of the glume; the small amount of fungus present 
in the collapsed cells of the parenchyma is not brought out by these stains. X 379. B, Portion 
of another cross section of the spikelet shown in A, stained, with safranine, Delafield’s haema- 
toxylin, and orange G to show the advance of fungus hyphae from an infected anther (a) 
into the lemma. X 265, O, Portion of a cross section of a spikelet, stained with Delafield’s 
haematoxylin and erythrosin, showing location of chlorophyllous tissue (c) in an outer glume 
(gr); caught anther (a) thoroughly permeated by hyphae; little if any fungus in glume. X 55 

17 ' 8443 — 33 — 2 , ■ ' 



FiGUKE G.—A, Portion of a cross section through the rachis at the base of an outer glume, 
stained with Delafield’s hsiematoxylin and erythrosin, showing hyphae emerging between 
cells of the epidermis and sporodochia on the surface. X 91. B, Sporodochia at the base 
of a glume, stained with Delafield's haematoxylin and erythrosin; the fungus is well estab- 
lished in the chlorophyllous tissue and has emerged through the stomata. X 194. C, Portion 
of a cross section of an infected palet showing entrance of the fungus through the inner epider- 
mis, massing of hyphae in the chlorophyllous cells (a), and emergence through a stoma in the 
outer epidermis; the space (b) between the palet and hernel is webbed with hyphae. X 194. 
D, Emergence of hyphae through the stomata and formation of sporodochia on the outer 
surface of the glome, stained with Delafield’s haematoxylin and erythrosin. X 347 


May 1 , 1833 Infection of Wheat Heads by Qibherella saubinetii 789 



Figure 7.~A, Portion of a loagitudinal section throagh the parenchyma of an infected rachis, 
showing intercellular path followed by the Gfibberella hyphae. About X 305. B, Portion of a cross 
section of an infected raehis, showing hyphae within the vascular bundle. X 420. C, Portion of a 
longitudinal section of a lemma, showing the threadlike constrictions of the hyphae as they pass 
from cell to cell. X 612. D, Portion of a lemma showing occasional hyphae (^) within the cells of 
the thick-walled ground parenchyma. X 430. Ail sections stained with Delafield’s haematoxylin 
and erythrosin 
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INFECTION OF ANTHERS 

From a iiiicroscopic examination of fixed and sectioned material, 
it seemed evident that infection frequently begins in caught anthers. 
A number of spikelets fixed in the early stages of infection showed 
myceliiini only within caught anther tissue. Others showed hyphae 
extending from infected anthers to adjacent parts of the flower. 
Of the material fixed and sectioned in 1920, 70 per cent of the 46 
inociilatecl pieces either included infected anther tissue or contained 
no anther tissue and w^ere not infected. Of the 1923 material, 29 of 
the 37 spikelets, or 78 per cent, of Prelude and Marquis wheat selected 
from the greenhouse inoculation experiments included either first or 
second flowers, or both fimt and second flowers, with retained anthers. 
Few cases of early infection were obtained in 1923. Serial sections of 8 
spikelets, recorded at the time they were fixed as probable examples of 
infection originating in retained anthers, showed anther tissue in all, 
but only 4 were fixed early enough to show that invasion began in the 
anthers. (Fig. 3, A and C.) Anthers removed from a flower, inocu- 
lated with Gibherella sanbinetii, incubated in a Van Tiegham cell at 
room temperature, and fixed 17 hours later, were found to be com- 
pletely interlaced with the fungus hyphae (Fig. 8, B.) 

Six*^ good examples of initial infection through caught anthers, 
following the usual method of inoculation, were found among the 
1924 spikelets sectioned. Additional information on this point was 
obtained in a special inoculation experiment in the field, in 1924, on 
the extruded anthers of 11 marked spikelets on 3 heads of Marquis 
wheat in the just-past-flowwing stage. The extruded anthers w^ere 
inoculated with a spore suspension of Gibherella saubinetii on July 30 
and fixed on August 11. At the time of fixation, 8 of the spikelets 
appeared to be badly infected and 3 showed no symptoms of infection. 
None of the uninoculated spikelets showmd infection. Two of the 
xfisibly infected spikelets w^ere fixed and cut. Both contained caught 
anthers and kernels badly infected. It does not follows, however, 
that because one kernel in a spikelet is infected all are diseased. (Figs. 
8 A, and 9, A-D.) Figure 10, A and B, shows cross sections through 
an infected anther of the second flower of a spikelet of Prelude wheat 
inoculated at flowering and fixed after an incubation period of 45 
hours at 32*^ C. The serial sections show^ that the anther in contact 
with the kernel at the brush end is permeated by fungus and that 
hj^phae have advanced into the pericarp of the second kernel. Toward 
the embryo end of this kernel the amount of fungus is scant. Hyphae 
have also penetrated the inner surfaces of the lemma and palet of the 
second flower, the outer surfaces in each case being clean, for the 
thickened and cutinized walls of the epidermis on the outer surface 
of the glumes render penetration difficult. Serial cross sections 
also show that this spikelet contains a basal and a thud kernel, 
neither of which is infected. In the third flower there is a bit of 
infected caught-anther tissue, but hyphae had not reached any other 
part of the flower at. the time the spikelet wms fixed. . 

When iiifection occurs at flowering time, the fungus may easily 
penetrate the ovary. Shortly after anthesis the parenchyma of the 
pericarp begins to break down, the nuclei and cytoplasm of the cells 
disappear, the transition starch is moved into the developing seed, 
and the walls of the cells finally break dowm and are crushed together 
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Figure 8.— A, Portion of a longitudinal section through an infected wheat spikelet. berial 
sections of this spikelet show that the basal flower contains an infected caught anther and 
an infected kernel; the second flower is without a retained anther and the kernel is not in- 
fected; neither the anther tissue nor the kernel of the third flower is infects. X 16. (Betafls 
shown in fig. 9.) B, Portion of a section of an anther inoculated with Gibbirella mutmdn 
and fixed after 17 hours' incubation in a Van Tiegham cell. X 142. Stamedwith Bela- 
field's haematoxylin and erythrosin 
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Figure 9.~~Forfioiis of a longitudinal section through an infected spikelet. A, Uninfected anther 
retained in the third flower. X -1:6. B, Developing kernel in the third flower. Serial vsections 
show no hypliae in this kernel. X 46. C, Infected caught anther (a) in the basal flower of the 
spikelet: Glume. X 50. D, Infected basal kernel; p, pericarp (ovary); e, endosperm; 5 , remains 
of the style. X 50. Stained with Delafield’s haematoxylin and erythrosin. (Another section 
through this spikelet is shown in fig. 8) 
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Figure lO.—A, Detail of anther, shown in B. Sporodochia containing conidia are 
indicated by arrows. X 132. B, Cross section through the upper part of a spikelet, 
showing the presence of an infected anther within the gltune. X 12. C, Cross 
section of the outer layers of a developing kernel: p, Pericarp; §, chiorophyil layer 
(cross layer) ; o, outer layer of the testa (semipermeable membrane); c, color layer 
of testa; i, inner membrane of testa; w, epidermis of nucellus; a, aleurone cells form- 
ing; €, endosperm. X 264. Stained with Delafield's haematoxylin and erythrosin 




Figure 11 .— A, Cross section of a nearly mature uninfected spikelet of wheat; g, Outer glume: I, 
lemma; m, palet; p, pericarp; t, testa, X 68. Stained with Flemming’s triple stain. B, Cross 
section of a spikelet in which both kernels axe badly infected: p, Pericarp; «, seed. X 85. Stained 
wit h Delafiel d 's haematosyiin and erythrosin. C, Cross section of an immature kernel showing 
the relation of the various structures at that stage of development. The cells of the ovary wall 
(p, pericarp) are degenerating, and the developing seed {«) has almost filled the nuoellar space 
(n). X 277 


795 


May 1, 1833 Infection of Wheat Heads by Qihherella saubinetii 

in the growth of the kernel. (Figs. 10, C, and 11, C.) If entrance into 
this tissue is effected early, the fungus advances along the intercellular 
spaces or from ceU to cell without resistance, permeating the entire 
kernel (fig. 11, B). ^ Later, the pericarp is less easily penetrated and 
is not so well supplied with nutrient substances as at flowering time 
(fig. 11, A). As the kernel matures, the layers of the testa also 
become a barrier to the fungus. (Figs. 10, C, and 12.) The layers cf 



Figure .12.--Portion of a cross section through the outer layers of a mature wheat kernel: p. 
Pericarp; o, outer layer of testa (semipermeable membrane); c, color layer of testa; I, inner 
membrane of testa; », epidermis of nucelliis; a, aleurone cells; e, endosperm; hi-h 4 , hyphae. 

X 600. Stained with Delaheld’s haematoxylin and erythrosin 

tlie testa appear to be more resistant to hyphal penetration than other 
parts of the kernel. In figure 12 hyphae can be seen in the pericarp 
(hi), separating the inner membrane of the testa from the niicellar 
layer (£2), passing through the nucellar layer (Kz), and invading the 
aleurone cells (^4), but, in this portion of the section, nowhere pene- 
trating the testa. In late infections the kernel is not permeated 
throughout by hyphae; whatever fungus enters the kernels is more 
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or less coiifmed to the pericarp at the embryo end and to the embryo 

itself ( 8 ). 

It is impossible to say how often infection originates in caught 
anthers, nor can it be said that infection never occurs except by the 
contact iiietliod with anthers or other degenerating tissues that serve 
as saprophytic media for early growth of the fungus. This method, 
however, seemed to be the rule under the conditions of the experi- 
ments described. Infection was most frequently observed to begin 
in degenerating anther tissue, which apparently furnishes an ideal 
mediiini for the rapid growth of Gihherella saubinetii xmiev favorable 
conditions of temperature and moisture. 

SUMMARY 

Data presented in this paper are based upon macroscopic observa- 
tions of inociilations with Qibberella saubinetii, made in the field and 
greenhouse, on heads of puredine Prelude and Marquis wheat, and 
upon a microscopic study of serial sections of spikelets selected from 
these inoculation experiments. 

The greenhouse inoculations were incubated in controlled-tempera- 
ture and humidity chambers at 12°, 20°, 24°, 28°, and 32° C. At 28° 
and 32°, the relative humidity was maintained at approximately 70 
to 75 per cent; at lower temperatures it was decreased to obtain the 
same evaporation rate from the Livingston atmometer. During the 
incubation period in the field, humidity was increased by bagging the 
heads with parchment or glassine bags. 

Demineralization with hydrofluoric acid made it possible to cut 
serial sections of entii'e spikelets. 

Inoculation was most effective when heads were blossoming or had 
just passed the blossoming stage, though infection resulted from appli- 
cation of inoculum from the in-the-boot stage to the past-flowering 
stage. 

The length of the incubation period varied with the stage of devel- 
opment of the head at the time of inoculation and with the tempera- 
ture during the period of incubation. 

When heads were inoculated before blossoming, the position on the 
head of the first spikelet to show infection and the progress of infection 
to other spikelets were suggestive of the place of beginning and prog- 
ress of anthesis rather than of an independent advance through the 
rachis. It is thought that infection occurs at flowering time, or shortly 
after, rather than earlier, because of the presence of anthers or other 
degenerating tissues in the spikelets on which the fungus first develops 
as a saprophyte and from which it spreads to the interior of the flower, 
especially to the developing kernel. Infection was frequently ob- 
served to begin in anthers that had failed to clear the glumes. Keten- 
tion of anthers was not dependent on infection, for counts of healthy 
and infected heads of Marquis wheat showed the percentage of caught 
anthers to be higher for the healthy than for the infected heads. The 
high percentage of caught anthers occurred in the spikelet range in 
which initial infections were f^^ 

Neither maeroseopic observations nor histological studies indicated 
that initial infection occurred on the outer surface of the glumes. 

Clear cases of initial infection occurring on caught anthers were 
found in the serial sections. The path of the fungus through the 
various parts of the spikelet is indicated. 
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It is impossible to say how often infection originates in caught 
antlierSj nor can it be said that infection never occurs except by con- 
tact with anthers or other degenerating tissues that serve as a base of 
operations for the fungus. Tliis method, however, appeared to be the 
rule under the conditions of the experiments described. 
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OPHIOBOLUS ORYZINUS, THE CAUSE OF A RICE DISEASE 

IN ARKANSAS ‘ 

By E. C. Tullis ^ 

Agent, Division of Cereal Crops and Diseases^ Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

In 1924, Melcliers^ quoted a report of an unidentified species of 
OpMobolus on rice from Ai'kansas. In the fall of 1928, when rice- 
disease inyestigations in Ai'kansas were taken up by the writer, it was 
learned that the report had been made by H. R. Rosen, of the Depart- 
ment of Plant Pathology of the University of ^irkansas, who had found 
the fungus on specimens of diseased rice sent in from the rice section of 
eastern Arkansas. It was found also that, Rosen had made measure- 
ments of the asci and ascospores and had compared them with those of 
other graminicolous species. He had also secured cotype material of 
OpMobolus oryzmus Sacc. from F. J. Seaver, of the New York Botani- 
cal Garden. The species of the Arkansas fungus had not been deter- 
mined, however, and no inoculations had been made to establish its 
pathogenicity on rice plants. 

Since 1928, this Ophiobolus has been found repeatedly on rice in 
the vicinity of Stuttgart, Ark. 

The present paper reports the follomng steps in the investigation : 
(1) The description and identification of the fungus, (2) the descrip- 
tion of the disease it produces, and (3) the results of inoculations on 
rice plants. 

REVIEW OF LITERATURE 

Three species of Ophiobolus have been reported by Miyake (5),^ 
Ito and Kuribayashi (6), and Saccardo (11) as parasitic on rice. 
In addition, one other species has been reported by Baker (f, p, 75~ 
76) as causing a rot of rice straw. Baker states: 

We have been making a good many observations on the ra.pidity of rotting of 
the rice stubble left in the fields. The common practice here, in harvesting, is to 
cut the panicles, leaving the bulk of the straw in the field, and this being difficult 
to handle with small native plows, is usually burned, on the ground. This is, of 
course, a destructive practice. Under favorable weather conditions the rotting 
of straw proceeds rapidly, and it soon reaches a condition which favors handling 
by small plows. In this process a number of very interesting fungi are con- 
cerned, * * Three others have been proven to be new to science, Ophiobolus 

oryzinus BsiCC., * * *. 


5 Received for publication July 12, 1932; issued June. 1933. Cooperative investigations between the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, United States Department of Agriculture, 
and the Arkansas Agricultural Experiment Station. 

2 Eormerly assistant pathologist, Arkansas Agricultural Experiment Station. Acknowledgment is made 
to H. R. Rosen, of the Plant Pathology Department of the University of Arkansas, for cotype material of 
Ophiobolus oryzinuSf which he had obtained from F. J. Beaver, of the New York Botanical Garden, and for 
specimens of the Arkansas fungus. The writer is also indebted to F. J. Seaver for additional specimens of 
d. oryzinus/md to Hurley Fellows, Division of Cereal Crops and Diseases for speeimens of P. grarnink on 
wheat. 

3 MELCHERS, U. E. diseases of GEEEAU and forage crops in the united states in 1924. U.S, Dept. 
Agr., Bur. Plant Indus. Plant Disease Survey Bui. Sup. 40: 107-188. 1924. {Mimeographed.] 

I Reference is made by number (italic) to Literature Cited, p. 805. 
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Aiiotiier species, called by Hara (5) OpMochaeto. gra7m^^ (bacc.) 
Kara lias been reported on rice. Hara identified this fungus as 
OpMoboliis graminis Sacc., but put it into the new genus Opliiocliaeta 
because of the presence of bristly hairs on the beak of tlie perithecium. 



FniT'RE 1, — A, Blue Rose rice plant infected with Ophioholm or^zlnm from inoculations made in the 
greenhouse at time of heading. Natural size. B, Seedling Blue Rose rice plant inoculated with 
0. oryziiiu.^ in the greenhouse. X H- C, Perithecium of O, orpzmus partly embedded in the 
host Tissue. X SO. T>, Ascospores of 0. oryzinus. X 300. E, Cross section of perithecium of O. 

X 300 ■ 

THE FUNGUS 

MORPHOLOGIC CHARACTERS 

The Arkansas fungus may be described as follows : 

PeTithecia gregarloas, globose to subglobose, embedded, grayish at hrst, becom- 
ing black to blackish brown at maturity, 187 m to 375 m m diameter; beak erum- 
pent, hairy in culture only, 125m to 375m loRg; ascl colorless, clavate or sub- 
cylindric, tapering at the ends with the apex slightly larger than the base, elon- 
gate, 8 spored, 12. 5-14. 5m by 96-1 Hm; paraphyses present, h valine; spores 
fasciculate, long and slender, 3 to 5 septate, often multigutulate, usually crescent 
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shaped and often slightly spirally twisted, -slightly constricted at the middle ' 
septum, apex rounded, base tapering, 2-dpi by 79-li2iu (mostly buff to 

white in mass to the naked eye, but colorless when observed microscopically. 
On sheaths and culms of Oryza saliva L. (Fig. 1.) 

IDENTIFICATION 

A comparatiYe study has been made of the morphologic characters 
of species of the genus Ophiobolus reported as causing diseases of rice, 
or species that might be present where rice is grown, in order to de- 
termine whether the fungus under consideration is identical mtli one 
of those previously described on Oryza satim. The measiirements, 
given in Table 1, show that several of the species differ distinctly 
from the fungus under investigation. In Ophiobohis miyabeanus 
Ito and Kuribayashi, 0, herpotrichus (Fr.) Sacc., and 0. oryzae Miyake 
the asci and spores are distinctly larger than in the fungus imder 
study. However, in the other species studied, namely, 0, cariceii 
(Berk, and Br.) Sacc., 0. graminis, 0. oryzinm Sacc., and Ophiochaeta 
grammis (Sacc.) Hara, either the asci or the spores have some charac- 
teristics similar to those of the fungus under discussion. 

Comparisons were made with the specimens of Ophiobolus grammis 
on wheat obtained from Hurley Fellows and with specimens from the 
herbarium of the Department of Plant Pathology, University of 
Arkansas. Examination was made of cotype material of 0. oryzinus 
collected by C. F. Baker and named by Saccardo (i^). Two speci- 
mens of 0. oryzinm have been examined, one from the New York 
Botanical Garden and one from the herbarium of the Division of 
Mycology and Disease Survey, Bureau of Plant Industry, United 
States Department of Agriculture. This latter specimen is No. 265, 
Fungi Alalayana. Unfortunately, these two specimens are not identi- 
caL However, the specimen received from the Division of Mycology 
and Disease Survey agrees with the description given by Saccardo, 
while the other does not. The specimen from the New York Botani- 
cal Garden was compared with descriptions of various species of 
Ophiobolus known to occur on rice; it was found to agree most closely 
with 0. oryzae {9). (Table 1.) A more detailed study, made on 
additional specimens, showed that this fungus was identical with 
specimens of 0. oryzae found on Rexoro rice stubble in the vicinity of 
Crowley, La., during the winter of 1931-32. 

After an examination of the available material and a study of the 
description of the species listed above, it was concluded that only 
Ophiobolus oryzmus agreed closely enough with the fungus under 
consideration to warrant further detailed comparison. 

Further study of the cotype material of Ophiobolus oryzinm in the 
United States Department of Agriculture and a comparison of this 
material with the fungus obtained from rice in Arkansas proved that 
the two are at least morphologically identical. The wmil structure 
of the perithecia w^as found to be the same, paraphyses w^ere present 
in both specimens, and when mounted side by side the specimens were 
indistinguishable in color, size, and shape of asci as w^ell as in septa- 
tion, size, shape, and arrangement of the ascospores. The fungus 
under study was accordingly identified as 0. oryzinm. 



Table 1.— Sizes of pcritheciai ascij and ascmpores of hnoum spemes of fungi as compared with those of the species of Ophiobolus foimd on rice 

in Arkansas 
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CULTURAL CHARACTERS 

OpMobolus oryzmm in culture grows readily on potato-maltosej, 
potato-dextrose and corn-meal agar, and on other solid media. 
Abundant felty light-colored aerial mycelium is produced on potato- 
maltose and potato-dextrose agar, but on other solid media., tlie 
growth is less abimdant. On corn-meal agar only scanty aerial 
mycelium is produced. On nearly all media used/ tlie siibiiierged 
mycelium became dark in the course of several dav^s. On liquid 
media the fungus grew poorly and did not fruit. 

With corn-meal agar perithecia are produced in abimdance, either 
on the surface or submerged in the medium. Alost of the perithecia 
produced on agar have rather long beaks, although the beaks of some 
are short. 

The use of single-spore cultures as detailed below indicates that 
the fungus is homothallic. Forty-one single-spore isolations were 
made, and 37 of the resulting cultures, incubated at room tempera- 
ture, produced perithecia in two weeks. In these cultures mature 
ascospores were produced in 17 days. This indicates that the for- 
mation of perithecia does not depend on the presence of myceliimi 
from more than a single ascospore. The exact length of time required 
for spore production on the host has not yet been ascertained, but it 
has been found to be considerably longer than 17 days. 

If the perithecia are allowed to dry slightly, the ascospores are 
ejected forcibly. The ascospores germinate^ readily if taken just after 
they are discharged, before they have become dry. Germ tubes are 
produced from both polar cells but not from the intercalary cells. 

SYMPTOMS OF THE DISEASE 

In several places in the rice-growing section of eastern Arkansas the 
disease has been observed in the field at various times since 1923, 
wdien it was first reported. Usually it is found rather late in the season, 
about the time when the water is drained from the fields preceding 
harvest. Some rotting of the sheath tissues occurs, however, before 
this time. Plants infected with Ophiobolus oryzinus are character- 
ized by a brown discoloration of the sheaths from the crown of the 
plant to considerably above the waterline. (Fig. 1, A, B.) In these 
discolored tissues the perithecia with their protruding beaks are found. 
The number of perithecia per plant may vary from 4 or 5 to several 
hundred. In the earlier stages of infection dark reddish-brown 
mycelial mats as much as 1.5 cm long and as wide as the sheath may 
be found on the inner surface of the diseased sheaths. As the lesions 
become older the mycelial mats increase in length, and when the 
sheaths become heavily infected the respective leaf blades die. At 
maturity the straw has a dull brownish cast very similar to that of 
plants attacked by the stem-rot fungus Sderotium oryzae Catt. At 
times the two diseases have been found on the same plants or in the 
same fields, but parallel inoculations with the two fungi have showm 
that they are distinct. 

Invasion of the rice culms proper by Ophiobolus oryzinus occurs, 
but perithecia are not commonly produced on them under field con- 
ditions. Under greenhouse conditions, however, perithecia have been 
produced oq the culms. 

'17844a-~3E- S 
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Opliioholus oryzimis injures the rice plant by killing the leaves and 
thus rediiciiig the photosynthetic area. In some varieties, most 
noticeably in red rice, the tissues at the crown also may be killed. 
This is less evident in Blue Rose. Furthermore, the attacked mature 
plants grown in tlie greenhouse usually produce only a single head per 
^ plant and ripen prematurely. In the field also, tillering is reduced in 
infected plants, and frequently only one head per plant is produced. 

INOCULATION EXPERIMENTS 

PATHOGENICITY OF THE FUNGUS 

To determine whether the fungus was pathogenic, the following 
artificial inoculations were made in the greenhouse on plants of 
Supreme Blue Rose, Fortuna, and red rice. 

On January 1, 1929, five jars of Supreme Blue Rose rice plants were 
inoculated at time of heading with ascospores from pure cultures of 
the fungus- Of the 18 plants iiioculated, 5 plants in four of the jars 
became infected. 

On February 3, 1929, another series of inoculations was made, as in 
the preceding experiment, on nine Supreme Blue Rose rice plants at 
heading time. Five plants became infected. 

On January 28, 1930, 73 Blue Rose rice plants grown in 15 jars 
seeded Septiunber 30, 1929, were inoculated with mycelium from a 
single spore isolation of OpMoholus oryzimis made during the summer 
of 1929. Sixty-four of these plants became infected. 

On JaEuary 30, 1930, three jars each of Blue Rose and Fortuna 
rice were planted. On February 10, 30 plants in each of two jars of 
each variety were inoculated with a spore suspension of Ophiobolus 
oryzinus. When the readings were made on May 27, 31.7 per cent of 
the Blue Rose rice plants and 25 per cent of the Fortuna rice plants 
were infected. All the control plants of Blue Rose were free from the 
disease, but three of the Fortuna controls were diseased. These were 
probably infected by water accidentally splashed into the jar from 
one of the inoculated lots of plants. 

Eleven seedling plants grown on corn-meal agar in test tubes were 
inoculated with the organism on January 20, 1930. At the end of one 
month the plants were dead, whereas control plants remained green 
and healthy. Peritliecia were produced during the latter half of 
Alarch on the dead seedlings. 

On March 13, 1930, three jars of seedlings of red rice were inoculated 
with a spore suspension of Ophiobolus oryzimiSj immediately upon 
emergence. Three weeks later an examination of these plants was 
made and it was found that an average of 36.3 per cent of the plants 
were infected by the fungus. 

The data given in the above text show that infection of Blue Rose 
and Fortuna rice plants, in both seedling and heading stages, was 
secured by artificial inoculation with ascospores of Ophiobolus oryzinus. 
beedimgs of red rice also became infected following similar mociilation. 

PATHOLOGIC HISTOLOGY 

The invasion of the host is brought about by direct penetration of 
epidermis of the two basal leaves or of the outer epidermis 
ot the sheaths of older leaves. The two basal leaves may be invaded 
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directly by the hyphae. It appears, however, that' appressoria are 
necessary for the invasion of older leaves or at least facilitate it. 

Seedling rice plants were inoculated vdtliout wounding, by placing 
pieces of agar containing mycelium of the fungus in contact with 
heal thy plants at the soil line. Leaves of plants so inoculated were 
removed and examined the second day following. The leaves were 
mordanted in 4 per cent iron alum, washed in water, stained for one 
minute in Heidenhain’s haematoxylin, washed, cleared, and nioiinted 
in balsam for examination. Other material was fixed in cliromo- 
acetic fixative, embedded, sectioned, and stained. Examination of 
all this material showed that the invasion was limited at first to the 
outer sheath, the mycelium soon penetrating to the space between 
the outer sheath and the one next under it. Here a mycelial mat was 
formed consisting of dark-colored rather coarse hyphae. Meanwhile 
branches of the invading hyphae penetrated the air chambers of the 
sheath and here balls of hyphae were produced, which developed 
into the perithecia.. This invasion was accompanied by a slight 
darkening of the host tissue. Perithecia were produced" for some 
time, and the lesion gradually increased in size until it involved the 
entire sheath for a distance of 4 to 6 cm from the original point of 
infection. Invasion of the underlying sheaths and the culm was 
facilitated by the production of appressoria. The tissues invaded 
died soon after discoloration occurred. 

SUM MAE Y 

Ophiobolus oryzinus Sacc., originally discovered by C. F. Baker on 
rotting rice straw in the Philippines, has been found to produce a 
disease of rice in Arkansas.- 

Inoculation experiments have shown that Ophiobolus oryzinus is 
pathogenic on Fortuna and Blue Rose rice plants in seedling and in 
heading stages, and on red rice plants in the seedling stage. Some 
of the plants have been killed outright and others have been injured 
through loss of leaf area. Red rice plants have been found also to 
have their crowns invaded. Infected plants failed to tiller normally, 
producing tillers only after the heading of the first culm. 

Invasion of the host occurs by direct mycelial penetration of the 
epidermis of the basal leaves, x^ppressoria are formed and aid in 
the invasion of tissues under the basal leaves. 

LITERATURE CITED 

■ (1) Baker, G. F. 

1916. ADDITIONAL NOTES ON PHILIPPINE PLANT DISEASES. Pllilippilie 

Agr. and Forester 5 :73-78. 

(2) Berkeley, M. J., and Broome, C. E. 

1861. notices of BRITISH FUNGI. AiiD. and Mag. Nat. Hist. (3) 7:449- 
456, illiis. 

(3) Davis, E. J. . t 

192A STUDIES ON ophiobolus GRAMINIS SACC. AND THE TAKE- ALL DISEASE 

OF WHEAT. Jour. Agr. Research 31:801-826, iilus. 

(4) Fitzpatrick, H. M., Thomas, H. E., and Kirby, R. 

1922. THE ophiobolus CAUSING take-all of WHEAT. Mycologla 14: 30- 
37,'411us.^" 

(5) . Hara, K. ^ , ' , 

1916. on OPHIOCHAETA GRAMINIS (SACC.) HARA. By6eM-Gai 2asshi 
(Jour. Plant Protect.) [Tokyo] 3:4-7. (342-345). 



806 Journal of Agricultural Besearch voi. -lo, No. 9 


(6) Ito, S., and Kueibayashi, K. 

1927. PKODUCTION OF TPIE ASCIGEEOUS STAGE IN CULTURE OF IIELMINTIIO- 

SPORIOM ORYZAE. Aim, Pliytopatli. Soc. Japan 2:1-8, illus, 

(7) Jones, S. G. 

1926. THE DEVELOPMENT OF THE PERITHECIUM OP OPHIOBOLUS aRAMINlS, 
SACC. Ann. Bot. [London] 40: [6()7]-'629, llliLS. 

(S) Kirby, R, S. 

1925. THE TAKE-ALL DISEASE OF CEREALS AND aRASSES CAUSED BY 
OPHIOBOLUS CARICETI (BEEKELEY AND BROOME) SACCARDO. 

N. Y. Cornell Agr. Expt. Sta. Mem. 88, 45 p., illus. 

(9) Miyake, I. 

1910. STUDIEN UBER DIE PILZE DEE REISPFLANZE IN JAPAN. JOUI'. CoL 
Agr., Imp. LTniv. Tokyo 2 :r237]"“276, illus. 

(10) Rosen, H. R., and Elliott, J. A. 

1923. PATHOGENICITY OF OPHIOBOLUS CARICETI IN ITS RELATIONSHIP TO 

WEAKENED PLANTS. Jour. Agr. Research 25; 351-358, illus. 

(11) Saccardo, P. a. 

1883. SYLLOGE FUNGORUM. V. 2. Patavii. 

(12) 

1916. notae mycologicae. Nuovo Gior. Bot. Ital. (n. s.) 23:185-234. 



SCLEROTIA-FORMING HABITS OF THE COTTON ROOT- 
ROT FUNGUS IN TEXAS BLACK-LAND SOILS' 


By Homer C. McNamara, Associate Agronomist, and Dalton H. Hooton, 

Assistant Poniologist, Division of Cotton, Rubber, and Other Tropical Plants, 

Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The cotton root-rot fungus, Phy^natotrichum omnworuni (Shear) 
Dug., apparently has little difficulty in living through the winters in 
most districts. The disease has not, however, been observed north 
of the southern tier of counties in Oklahoma; its present northern 
limit coincides approximately with the location of the Red Valley. ^ 
In individual areas, infection may fail to appear in successive years 
except in a few centers representing only a very small fraction of the 
original area involved. This, however, applies only to individual 
areas of infection and is independent of the general or regional 
behavior of infection. 

Experiments with clean fallows have thrown iiiuch light on the 
manner in which the fungus perpetuates itself in the soil and lives 
through the years to attack the next susceptible crop planted. Plots 
kept in clean fallow for three or four years and then returned to cotton 
show a material loss in plants, indicating definitely that the fungus 
may remain in the soil in a viable condition for a period of several 
years without the presence of living host material. It is now knowm 
that sclerotia play an important part in carrying infection over into 
succeeding seasons. 

The present paper reports the results of careful examination of the 
soil surrounding the first plants to die on plots that had been returned 
to cotton after having been in clean fallow or planted to nonsuscep- 
tible crops for several years. From extensive field examinations made 
during the summer and fall of 1931, it appears that the prolonged 
persistence of the disease in clean fallows and in plots planted to 
nonsusceptible crops is undoubtedly due to sclerotia formed below the 
plow slice and associated with various sorts of dead and decaying 
material such as tree stumps or old roots. 

HISTORICAL REVIEW 

Some of the earliest investigators {1, 7)^ of cotton root rot advocated 
aeration of the soil as a means of control. Tliis remedy was suggested 
on the assumption that the root-rot organism is a parasitic fiingiis 
living and reproducing entirely by vegetative growth. Since then, 
however, much additional work has been done on the fungus in cul- 
ture, and many kinds of control methods have been tried in the field. 

1 Received for publication Oct, 29, 1932; issued June, 1933. 

2 Information furnished by F. M. Rolfs, of the Oklahoma Agricultural and Mechanical College. 

3 Reference is made by number (italic) to Literature Cited, p. 819. 
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None of the field experiments has ^iven consistently favorable results, 
which indicates that more subtle factors are involved than had been 
recognized. 

On the assumption that the causal organism is an obligate parasite, 
control experiments with clean fallows were begun in 1922 and have 
continued since that time. (S). Although the early results appeared 
promising, the short-time fallows were found to be unsatisfactory in 
many respects. The longer the period of clean fallow, as a rule, the 
greater appeared to be the control of the disease when the plot was 
returned to cotton. Taubenhaus and Killough (8) in 1923 recom- 
mended clean culture and rotation with clean culture, combined with 
the destruction of all winter carriers, as a means of control. In gen- 
eral, the results wuth clean culture alone have not been satisfactory, 
and frequently plots cropped continuously to cotton may, when the 
infested area breaks up, show as little loss from the disease or even 
less than plots that had been in clean fallow two or three years (4). 

In 1929, Katliffe (^) described a prolonged saprophytic stage of the 
organism, and King and Loomis (2) announced the discovery of a 
sclerotiiim stage of the fungus in laboratory cultures in Arizona. La- 
ter in the same year the occurrence of sclerotia at Greenville and San 
Antonio, Tex., wns reported by Neal (S). With these discoveries the 
whole line of attack upon the problem wnis changed. The discovery 
of the sclerotium stage explained many of the inconsistencies in the 
behavior of clean fallow and rotation experiments. These discoveries 
also advanced field investigation to a stage w^here it was clear that the 
problem involved more than the control of a strictly parasitic fungus. 

METHODS OF FINDING SCLEROTIA IN BLACK-LAND SOIL 

The soil of the United States Cotton Breeding Field Station near 
Greenville, Tex., is composed largely of Wilson clay, which, even 
under very dry conditions, is easily broken apart in the hands, exposing 
the rootlets and fungus growths of current or former seasons. These 
growths find ready access through the soil along the well-formed 
cleavage planes, which are very w’^ell marked and are probably the 
result of years or centuries of continued movement of relatively small 
soil masses. Probably because the soil alternately expands when 
moist and contracts when dry, the effect of these irregular cleavage 
planes is to allow it to be readily broken apart. The surface of the 
cleavage planes from the lower depths is usually well coated with 
colloidal matter. Sometimes they have the appearance of small 
slickensides. These physical characteristics are very similar in the 
Wilson and Houston clays. (Fig. 1.) 

For the first 2 to 4 inches the surface soil is loose and granular. 
Below tins layer of loose soil is a very tight, close-grained stratum 
wliich might be termed the plowsole. Whether or not this truly 
represents a plowsole is a question, but such a condition was present 
in all IVilson and Houston clays examined. This close-grained layer 
of soil is usually stratified horizontally, and it is of course dissected 
vertically by cracks. Occasionally the fracture is conchoidal. This 
layer is difficult for the plant roots to penetrate, and many of the root- 
lets are found along the horizontal cleavage planes which separate one 
close-grained stratum from another. In this zone there is much less 
evidence of an accumulation of colloidal material along the cleavage 
lines than exists at lower depths. 
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Figure l.—Typicial profile of Wilson clay. Note fine-grained stratum near top of the blocks. 
Sclerotia occur in greatest abundance below the fine-grained stratum, which is not penetrated in 
ordinary tillage operations. Hoot channels from plants grown at least five years iireviously are 
shown on the right. The loose topsoil has been removed 


Figure 2.™-Large clod of Houston black day soil, outlined in black, showing natural position of 
viable sclerotia and deavage planes. (Two-thirds natural size.) Photographed by P. E. Dawson. 
Austin, Tex., November 7, 1931 
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Below the plowsole, even during the driest part of the summer; the 
larger '' chunks'’-’ can be easily broken apart with the hands and 
examined in the field for root-rot infection, sclerotia, and root develop- 
ment. Figure 1 shows the close-grained nature of the plowsole as 
compared with the more friable subsoil, winch may frequently change 
abruptly in color and composition. Old root cliaiinels from a cotton 
crop grown five years previously are also to be seen in this figure. ^ In 
these examinations sclerotia were found only in soil with a physical 
structure that would readily allow the penetration of rootlets and. root- 
rot niycelium, In practically no case were sclerotia found inside a 
piece of compact soil so hard and tough that it could not be broken 
apart in the hands. 

Sclerotia are readily visible in both the Wilson and the Houston 
black clay soils. (Fig. 2.) In soils of a lighter color and with a 
higher content of sand, field examinations for sclerotia are much more 
difficult. 

The simple method of breaking the soil apart in the hands and 
exposing the fungus growth and the sclerotia has been found much 
more satisfactory than washing them out of heavy clay soils like the 
Houston and Wilson. This method also has the advantage of being 
rapid and of requiring the handling of a minimum amount of soil. 
It also affords a readier observation of the sclerotia in situ and makes 
it possible to obtain more definite information on the habits of the 
fungus. 


OCCURRENCE OF SCLEROTIA BELOW PLOW DEPTH 

The examinations were begun on July 16, 1931, and continued at 
short intervals for the remainder of the year. Observations were 
made throughout the summer and fall as often as possible, sometimes 
daily, but at least once every two weeks. The detailed examinations 
involved the handling of many tons of earth and revealed the fact 
that sclerotia generally are formed in gi^oups or colonies, the great 
majority of which occur below the plow slice at depths usually ranging 
from 6 to 12 inches below the surface. A reason for the occurrence 
of sclerotia in greater abundance witliin the surface foot of soil at 
Greenville is that the plant roots are very sparse at lower depths. 
Sclerotia are evidently laid down in the soil near the small rootlets 
and not on the taproot or larger laterals. They are found along the 
old channels of the rootlets or near the fungus strands which had 
destroyed the small rootlets. In several cases the sclerotia were laid 
down in the old root channels of the 1926 cotton crop. Strands of 
the fungus are usually found with each colony of sclerotia. /Unfor- 
tunately there is as yet no way of determining the age of sclerotia 
in the sod, although there is much evidence to indicate that they may 
be sealed in the clay and remain in a viable condition for long periods, 
probably several years. 

INVESTIGATIONS AT GREENVILLE 

SCLEROTIA IN PLOT D-l 

In 1931 the west half of plot D-l was planted to cotton, after four 
years of clean fallow (from 1927 to 1930), and the east half of the 
plot was clean fallovred for the fifth consecutive year. 
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Several neighboring plants died on this plot between July 20 and 
August 6, when the first examination was made. Diggings around 
the first plant that died did not yield sclerotia, but showed numerous 
heavy strands of hypha. Near an adjacent plant, which had been 
wilted only a few days, sclerotia and hyphal strands were found in 
abundance. Both freslily formed wliite sclerotia and older dark- 
brown ones were present. Masses of sclerotial casts were also found, 
indicating that sclerotia had been formed some time previously, 
possibly several years before, and that the growth from these old casts 
may have been the source of the infection present in this particular 
location. Most of these sclerotia were laid down near the taproot 
and laterals at depths of 6 to 8 inches below the surface. At 11 to 12 
inches the subsoil changed from a heavy black clay to a yellowish 
gray clay with numerous calcareous concretions. 

The third plant to die was growing in a very tenacious black clay. 
The surface moisture was abundant, and many shallow lateral rootlets 
had developed near the surface. Here, both strands and sclerotia 
were found within 2 inches of the top of the soil. The taproot was 
infected to a depth of about 10 inches, but was sound below. On an 
adjacent plant sclerotia were not found near the surface but at a 
depth of 6 to 8 inches. 

A further examination of this area of infection was made on August 
17. Between the first two rows next to the 5-year fallow a large 
colony of sclerotia was found, all of which were old and very dark 
brown in color. About 12 inches from a dead plant in the outside 
row a second colony was found wliich showed a large number of light- 
colored sclerotia, evidently very recently formed. Older sclerotia of 
course were found in this location also, and numerous hyphal strands 
in both colonies. 

Another primary center of infection on this plot appeared during the 
last week in August. This center was represented by two dead 
plants. On September 28 the soil around both plants was examined 
and two colonies of large sclerotia were found. The first group of 
sclerotia was uncovered at a depth of about 5 inches below the surface 
and about 9 inches from the first dead plant. The second colony was 
found at about the same depth and about 10 inches from the second 
dead plant. The sclerotia in one of these groups were the largest 
found during the season. All appeared to be very old, but some were 
viable. 

Another examination was made in this area on October 1, and large 
numbers of sclerotia and sclerotial casts were found. Most of them 
were found about 18 inches from one of the dead plants and at a 
depth of 4 to 6 inches. Since no cotton was grown on this plot in 
1930, the casts probably represent sclerotia that were laid down in 
1926 or 1927 and that were doubtless the primary source of infection 
for this center. 

On September 2 a third primary center of infection was observed on 
the west half of plot D-1. There were seven dead plants in one row, 
and an examination of the soil revealed a large amount of rubbish 
such as bits of decayed wood, peach seeds, nails, glass, brickbats, 
charred wood, etc. A large colony of sclerotia was found about 10 
inches from the first plant that died. Two days of continued digging 
failed to disclose any other source of infection, although the root-rot 
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map of tlie ai^ea for 1920 shows trees and grass within, 10 feet of the 
location of the first dead plant. 

Another primary center of infection in the same row as^ the one 
previously described was examined on November 12. Tliis center 
consisted^ of three plants which died very late in the season. The 
plowsole was very well marked here, and at a depth of aboiit 7 inches 
numerous old sclerotial casts and old sclerotia, were foimd. Old peach 
seeds and well-rotted bits of cotton stalks or roots were found near 
the dead plants. 

Aside from the presence or absence of dead tree roots, the sclerotia 
uncovered appeared to be very old, as indicated by their color, con- 
dition, and location in old root channels. The casts appeared to be 
the remains of sclerotia that had also been laid down several years 
previously. Some of the oldest looking sclerotia, which had been 
formed near root channels that were undoubtedly from the cotton 
crop of 1926, when placed in moist chambers put out new growth 
wdthin twn days. 

Another center of infection in the same row was examined on 
November 13. A few old sclerotial casts were found, together with 
considerable organic matter which appeared to be the remains of a 
former rubbish pile, but no true sclerotia were discovered. The 
examination was resumed on November 16, and numerous sclerotia 
of considerable age were found. Although there is no method of 
determining the exact age of sclerotia laid down in the soil, indications 
of their having been freshly formed are found in their color and in the 
condition of the root material surrounding them. The fact that plants 
were dying in the same row at three difierent points and that peach 
seeds occurred at each of these points indicates that at some previous 
period there was a row of peach trees across the plot. 

Since the largest body of infection in the cotton on the west half of 
plot D-l was contiguous to a 5-year clean-fallow^ plot, an examination 
for root-rot infection was made in the fallow. As there were no 
plants to indicate the possible locations of infection in the soil, the 
examination was very tedious and lasted from August 24 to 28. 
Most of the work was done at a distance of 10 feet or more from the 
first row of cotton in the adjacent plot. No sclerotia wvu-e found at 
these distances, although one colony was discovered about 18 inches 
and another about 3 feet from a dead plant in the outside row of cotton 
next to the clean fallow. Sclerotial casts were found at a distance of 6 
feet from the cotton. The decomposed remains of what appeared to 
be the root system of a shrub were uncovered at depths of 4 to 5 inches. 
This examination was rather thorough, for the area examined, but by 
no means conclusive. The simplest and most reliable method of test- 
ing the plot for infection will be to plant it in cotton. As in the case 
of the 4-year clean fallow, the presence of dead plants will show that 
the fungus has maintained itself for a period of practically five years 
without live host material. 

SCLEROTIA IN PLOT n -2 

Plot D-2 had been in clean fallow during the years 1927, 1928, and 
1929. When the plot was planted in cotton in 1930, dead plants 
appeared at two points centrally located on it. The first plant that 
died on the plot in 1931, however, was near a corner where there had 
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been no mortality in 1930. On July 16, when the vsoil near this dead 
plant was removed, two large cotton stumps from the outside row of 
the 1930 crop were uncovered and were found to be supporting a 
heavy growth of the root-rot fungus. (Fig. 3.) There was no doubt 
of the contact between the live roots of the 1931 planting and tlie old 
roots of the 1930^ planting. No sclerotia were found on July 16. 
A small amount of soil in this location was again examined on August 
6, but no sclerotia were found. On August 17 two plants died, one 
next to the first dead plant and the other in the adjacent row on the 
inside of the plot. 

On August 25 digging was resumed and two colonies of sclerotia 
were found about 5 feet from the first plant that died, one at a depth of 
5 to 6 inches and the other at a depth of 14 to IS inches, directly 
under the first. Some of the sclerotia appeared to be very old and 



Figure 3.~Cotton stump from previous season’s planting near primary center of infection, sup- 
porting a heavy growth of the root-rot fungus. Greenville, Tex., July 16, 1931 


evidently had been formed before August 6, although none was foimd 
in the soil examined on that date. In one case there was evidence 
of the older sclerotia producing new ones by budding, as described by 
King and Loomis { 2 ), Just below the plow depth an old peach-tree 
stump was found almost directly in contact with the first dead plant 
in the second row. This tree had been dead at least 13 years. (Fig. 
4.) Large numbers of sclerotia were found near this stump, at dis- 
tances of 12 to 18 inches. A point of interest in connection with this 
particular location is that while numerous sclerotia and sclerotial casts 
were found, none of them was in direct contact with either live or 
dead roots, but all were near dead roots and near the dead peach- 
tree stump. All sclerotia found ’were below the plow depth. A.1- 
though no plants had died in 1930, when this area was planted in 
cotton after a 3-year clean fallow, much significance may be attached 
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to the fact that the first plants to die in 1931 were near the dead 
peach-tree stump, which was surrounded by ^ several colonies of 
sclerotia, some of which appeared to ha,ve been in the soil for a. long 
tiine. 

The soil around a second primary center of infection on this plot wa,s 
examined on July 16, The first plant had died, on July 12. Altliongh 
no dead material other than cotton vstalks and mots was obs(u-v<ai, 
large numbers of sclerotia were found, some of them evidently sinu'i'aJ 
weeks old. An interesting feature in connection with the (‘xamimit ion. 
of this center was the exposure of a shallow area in whicdi the subsoil 
came within about 3 inches of the surface. The subsoil was mottled 
and yellowish gray in color, containing numerous small calcareous 
concretions. The surface soil of the Greenville station is classed as 
Wilson clay and is not calcareous. 


Figure 4.--01d peach stump uncovered below plow slice and near primary center of infection. 
Sclerotia were found in profusion near this stump. A history of the plot indicates thsd: this tree has 
been dead for not less than 13 years. Greenville, Tex., Augast 25, 1931 

SCLEROTIA NOT FOUND IN CONTINUOUS COTTON PLOTS SHOWING VIRULENT 

ROOT-ROT INFECTION 

Since sclerotia had been found near all primary centers of infection 
on plots D-1 and p-2, which had been in fallow four and tlu-ee 
years, respectively, it was decided to make examinations mother parts 
of the station. 

The location selected for this study was in a field which had been 
continuously in cotton for several years and in whichnearly all the 
plants had died. The area was about 900 feet distant from plots D-1 
and D-2. The soil was carefully worked from around the dead plants 
near the central part of the infested area to several feet beyond its 
outer limit in the area of healthy green plants. 
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Trenches about 20 to 26 inches deep were dug between two rows and 
the soil was carefully worked down from around both the dead plants 
and the green plants on the outer edge of the area of infection. The 
trenches were usually 18 to 20 feet long, and some of them were near 
the center of the infested area. Examinations of this area were begun 
September 3 and were continued at frecj[uent intervals until Novem- 
ber 13; during this time many tons of earth were handled and not a 
single sclerotium was found. No casts of sclerotia that might have 
been laid down at some previous time were discovered. Several 
cursory examinations were made in near-by areas of infection on 
similar types of soil having the same crop history, but no sclerotia 
were found. Why this area with a heavy, early mortality of plants 
should have failed to yield sclerotia, when they were being found in 
abundance on the plots that had been in clean fallow for a period of 
years, is a question of genuine interest. Both shallow and deep 
phase soil was encountered in a number of places within the infested 
area, although apparently it exerted no favorable influence upon the 
formation of sclerotia. It is also of interest to note that repeated 
examinations along the outer margin of infection failed to yield 
sclerotia. On October 1 an examination of several primary centers of 
infection on plot 0-6 was made, but no sclerotia or sclerotial casts 
were found. This plot had been in cotton continuously for at least 
13 years and probably much longer. 

INVESTIGATIONS IN TRAVIS COUNTY 

In 1927 an experiment was begun.on the farm of W. F. Voelker near 
Manor, Travis Co., Tex., for the purpose of determining the effective- 
ness as a control measure of a 3-year clean fallow as compared with 
that of three years of nonsusceptible crops on land very heavily 
infested with ix)ot rot. Two plots of approximately 1 acre each were 
laid off. One plot was kept in clean fallow during a 3-year period, 
while the other was planted to oats in 1928, sorghum in 1929, and corn 
in 1930. 

When the plots were visited on June 23, 1931, numerous dead plants 
were found, probably three times as many on the clean-fallow side as 
on the cultivated side. When observed again, August 12, fully 
one-half of the plants on the clean-fallow side were dead. Upon 
inquiry it was found that practically all the plot that had been in 
clean fallow for 3 years represented the site of an old peach orchard 
that had died out about 10 years before. Mr. Voelker states that in 
1918, when most of the orchard had died out, some of the trees were 
replaced with young ones that lived only a few years and died out 
with the older trees. This information led to the belief that if a 
number of the primary centers of infection were investigated the 
source of infection might be determined. Accordingly, on November 
5 and 6 several of the primary centers were examined. 

The first center of infection examined yielded a number of peach 
seeds, and an old dead mesquite stump about 12 inches long and 
about 1% inches in diameter. Sclerotia and sclerotial casts were 
found in abundance about 5 inches below the surface, (Fig. 5.) 

An excavation about 6 feet square, made near the second center of 
infection, revealed the location of an old rubbish heap containing 
peach seeds, pieces of board, cans, an old broom, bones, and finally 
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a well-rotted peach stump. The root-rot fungus was represented by 
numerous large strands, but no true sclerotia were found. 

The third center of infection examined revealed an old tree root, 
which was less than half an inch in diameter but which, when traced 



FfouRE 6. — A, Selerotial easts as they occur naturally in ehatnliks formations in the soil. B, Smaller 
portion of clod broken away from larger portion, splitting the selerotial easts bilaterally.’ (Four- 
fifths natural size.) Photographed by P. R. Dawson. Austin, Tex., November 7, 1931 


out, was found to extend across about eight rows of cotton. 
Apparently the stump had been taken out and only the lateral roots 
left in the soil. The roots were very well rotted and numerous 
sclerotia and selerotial casts were found in close proximity. 
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The fourth center of infection revealed the presence of an old tree 
root below the plowsole, which was found to connect with the old 
stump in the second center examined, as described above. No 
sclerotia were found in this center of infection. 

The fifth center of infection yielded abundant sclerotia and sclerotial 
casts at depths of 10 to 12 inches. 

Three other examinations were made in the 3-year-fallow plot, two 
of which yielded a number of peach seeds but no sclerotia, while one 
gave neither sclerotia nor other evidence of the source of the infection. 
These later examinations, however, were not so thorough as they 
might have been, and possibly the seat of infection in these points was 
overlooked. 

Negative evidence in cases of this kind is not entirely reliable. The 
source of infection might be small and in many cases might have been 
destroyed or even overlooked unless much time were spent in the 
tedious process of examining the field. 

A point of unusual interest yeas revealed in the examination of a 
well-defined primary center of infection on the plot that had been 
planted to nonsusceptible crops for three years. In examining this 
center, sclerotia and sclerotial casts were found in great abundance. 
Near one side of the area of infestation two small mesquite stumps 
were discovered which had been dead for years and around which was 
a great number of sclerotia. A rather sparse growth of mycelium 
extended over the mesquite stumps, and sclerotia were present 2 to 
4 inches from the stumps and 6 to 15 inches below the surface. 
According to the owner of the land, the plot had been put into cultiva- 
tion in the spring of 1884 and had had a crop planted on it every year 
since. 

Recurrence of root rot after several seasons of clean fallows or of 
nonsusceptible crops is explained by deep-seated infestation of the 
fungus below the plowsole. The fungus was found in many cases on 
decayed roots of trees buried in the soil for long periods, in some 
instances for 30 or 40 years. 

INVESTICxATIONS IN ROCKWALL COUNTY 

On November 19 an examination of the soil was made around 
several primary centers of infection on the farm of B. F. Weatherford, 
near Rockwall, Rockwall Co., Tex, The soil would probably be 
classed as an eroded phase of Houston clay. The loss from root rot 
on this type of soil is extremely high. 

The field examined had been planted to oats in 1928 and 1929, to 
millet in 1930, and to cotton in 1931. Each summer the plot was 
kept in fallow, and practically no weeds were allowed to grow on the 
area. ■ ■ 

On July 27 there was a scattering of dead plants over the plot, some 
of whichiiad died a few weeks earlier. After the mapping on Novem- 
ber 19, an examination was made of five primary centers of infection. 
Four of the centers yielded sclerotia and sclerotial easts in abundance, 
but in one of the locations no sclerotia were found. Two explorations 
were made in an area of general infestation, but no sclerotia were 
found. ■ ' • 
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SUMMARY AND CONCLUSIONS 

In the study of the sclerotia-forming habits of the root-rot fimgiis 
{Pkyma.totrichwrn omnworum (Shear) Dug.) reported herein, a simple 
method of investigation was employed in which the soil was excavated 
from different depths and broken apart in the hands. Thus the 
sclerotia were observed in situ, and their relation to small root channels 
and cleavage planes of the soil wms readily seen. It w^as difficult 
to wash the sclerotia out of the black clay soil, but by breaking the 
clay apart it was easier to find them than in the more friable soils. 

To determine the seats of infection the soil was carefully excavated 
and examined to depths of at least 24 inches around mimerous pri- 
mary centers where the first plants died of root rot. These examina- 
tions were made throughout the summer and fall of 1931, in fields 
planted continuously to cotton, in others planted in cotton for the 
first time after 3-year or 4-year clean fallows, and in still others where 
cotton followed three years of nonsusceptible crops. 

Sclerotia w^ere frequently found in the soil, usually in colonies or 
groups rather than singly or sparingly. 

After the seat of infection in a primary center had been located, 
continued digging failed to reveal other sources. Although tons of 
additional earth were removed, no more sclerotia were found. 

Older sclerotia were found below the plow slice at depths of 4 to 
18 inches, most of them occurring at a depth of 4 to 12 inches. 

Sclerotia were not found on the taproots of the cotton plants or on 
the large lateral roots but out in the soil where only small rootlets 
occurred. 

Newdy formed sclerotia were found only during the period from 
August 6 to 17. 

No sclerotia were found in plots planted continuously to cotton 
where most of the plants had died of root rot. They were, however, 
found in abundance in primary centers of infection in fields where 
cotton followed 3 or 4 years of clean fallow or 3 years of nonsus- 
ceptible crops. 

Sclerotia were frequently found in large numbers near old tree roots 
or stumps that had been dead many years. Some of the primary 
centers of infection, howmver, although near old dead roots, failed to 
yield sclerotia. 

Most of the primary centers, after three years of nonsusceptible 
crops or 3-year fallows, yielded either sclerotia or infested old decayed 
material of some kind, or both. 

Where deep-seated infestations exist, control of root rot by clean 
fallows or nonsusceptible crops apparently will need to be supple- 
mented by tillage operations that will reach the sclerotia, which are 
usually found below the plow slice at depths of 4 to 12 inches. 

Considerable significance may be attached to the fact that in most 
of the primary centers examined sclerotia were abundant in plots that 
had been planted to nonsusceptible crops or kept in clean fallow for 
several years, whereas no sclerotia were found in plots planted con- 
tiniionsly to cotton. From these facts it may be inferred that the 
sclerotia, which apparently are capable of long periods of quiescence, 
are connected primarily with the saprophytic phase of the fungus and 
serve as a resting stage. 
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ARTIFICIAL TRANSMISSION OF SUGARCANE MOSAIC 


^By Julius Matz 2 

Pathologist, Division of Sugar Plant Investigations, Bureau of Plant Industry 
United States Department of Agriculture 

INTRODUCTION 

Sugarcane mosaic is a disease caused by a conceivable but as yet 
undistinguishable virus, which has been recognized during the last 
decade as affecting sugarcane (Saccharum qfficinarwm L.) to some 
extent in almost every region where sugarcane is grown commercially. 
For a long time investigators failed in their efforts to infect plants 
experimentally with the virus of this mosaic disease, and the question 
arose as to whether it should be considered infectious or whether the 
symptoms observed in sugarcane might be caused by inherent degen- 
eration or by a nonparasitic disease. The truly infectious nature of 
sugarcane niosaic was firmly established about 10 years ago, but many 
problems still remain unsolved. 

Concerning the character of the virus in the extracted plant juice, 
the general belief has been that if manipulated in the presence of air 
it would wholly, or at least largely, lose its infectiousness, particu- 
larly if inoculations were not made immediately after extraction. 
This belief, which was not thoroughly tested, became a serious 
handicap in the study of the virus. This paper presents a procedure 
developed during the past year for the artificial transmission of the 
mosaic disease, which offers not only considerable freedom in the 
manipulation of the extracted material but also permits the use of 
the virus-containing extract for a considerable time after storage. 
The results here recorded show that exposure to the air does not 
necessarily impair, under all conditions, the disease-producing prop- 
erties of the extract of diseased tissues. The studies were begun in 
the autumn of 1929 at Johns Hopkins University and have been 
continued in the Division of Sugar Plant Investigations, Bureau of 
Plant Industry, United States Department of Agriculture. 

HISTORICAL REVIEW 

The disease now known as sugarcane mosaic has been the subject 
of investigations and reports by various workers, first in Java (SI)/ 
later in Hawaii (;S5), and more recently in the West Indies (if, 16,30; 
S3, 34 j 35, 36, 37), the United States of America {6), Argentina (17), 
Natal (^7), and India {29). In 1892 Van Musschenbroek (31) gave 
a description of the disease under the symptomatic name “gele 
strepenziekte,'^ or yellow-strike disease, and in 1893 there appeared a 
multicolor reproduction showing a portion of a sugarcane leaf affected 


1 Received for publication Dec. 19, 1932; issued June, 1933. Data herein presented were included in 
a thesis submitted to the faculty of the Graduate School of the Johns Hopkins University, June, 1932, in 
partial fulfillment of the requirements for the degree of doctor of philosophy. 

2 Acknowledgment is made to Dr. E. W. Brandes, principal pathologist in charge, Division of Sugar 
Plant Investigations, for his contribution of many observations and much constructive criticism, and to 
Prof. Burton E. Livingston, of the Johns Hopkins University, for his help in the presentation of the results. 

3 Reference is made by number (italic) to Literature Cited, p. 837. 
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with tile disease, together with a note on its occurrence, by Arendsen 
Hein (3). Since 1919 the disease has been recorded (6*, 7, <?, SI , 39) 
as affecting not only sugarcane and other species of Saccharuin but 
also maize {Zea mays L.); sorgo {Sorghum vulgare Pers.) and other 
species of Sorghum; millet (Pennisetum glaucum (L,) R. Br.); and the 
wild grasses Digiiaria sanguinalis (L.) Scop., Pas f alum boscianum 
Pliigge, Setaria lutescens (Weigel) Hubb., S, magna (iriseb., Parmurn 
dichotomiflorwm Michx., Eleusine indica^ (L.) Gaertn., Echinochloa 
crusgalli (L.) Beaiiv., E, colonum (L.) Link, and Brachiaria extensa 
Chase. 

In 1903 Kamerling {19), working in Java, stated that he had trans- 
mitted the disease to healthy sugarcane by inoculation with juice 
expressed from mosaic-diseased sugarcane. His inoculations were 
made by injection. Although he did not specify the kind of instru- 
ment used, it was presumably a hollow-needle syringe, since he stated 
that lie had followed the technic employed by Beijerinck (4) in trans- 
mitting tobacco mosaic to healthy tobacco plants, and Beijerinck 
stated that he used a hollow-needle syringe (^^Pravaz’schen Spritze’O. 
Kamerling, regarding this sugarcane disease as infectious, placed it 
in the same class with the well-known mosaic disease of tobacco. His 
tests, however, do not appear to have fully justified such an unquali- 
fied conclusion, for some of his iminoculated and apparently healthy 
plants contracted the disease in the course of his experimentation. 
He admitted the possibility that the disease might have been trans- 
mitted in a very slight degree by air, but he expressed the conviction 
that at least some of the plants which he inoculated with diseased 
juice contracted the disease directly because of his inoculation. On 
the other hand, Van der Stok {38) in 1907, Kobus {20) in 1908, and 
Wilbrink and Ledeboer {4-2) in 1910 — all of whom, like Kamerling, 
studied the disease in Java — were unable to infect healthy sugarcane 
plants by any of the methods they tried, including the procedure 
described by Kamerling. 

In 1917 Stevenson {35, 36) reported the results of a study of sugar- 
cane mosaic in Puerto Rico, referring to it as the ‘^new disease, 
“the mottling disease,’'“^an epiphytotic of cane disease,” etc. It was 
not until 1919, however, that he identified the disease as it occurred 
in Puerto Rico with the gele strepenziekte, or yellow-stripe disease, 
described by others. Working thus independently he suspected the 
disease to be due to an infectious principle {37) and carried out an 
extensive series of inoculation tests, not only employing expressed 
juice from diseased cane but also inserting diseased cane tissue in 
incisions made in healthy plants; but he did not succeed even once 
in causing the disease symptoms to appear in the inoculated plants. 

Stevenson's paper of 1917 (55) aroused the interest of other investi- 
gators, particularly H. L. Lyon (as reported by Col6n (f J)), of the 
Hawaiian Sugar Planters' Association, who regarded this disease as 
identical with the disease known as gele strepenziekte, or yellow- 
stripe disease, in Java, Hawaii, and elsewhere. The yellow-stripe 
disease had been studied by Lyon in Hawaii from 1911 to 1914 (;05). 
In l 921 (55) he reported that in open-fidd experiments he had observed 
it in some of the plants which he had inoculated with expressed juice. 
Similar tests in the greenhouse faded, however, to produce the disease. 

The identity of the disease causing mottling of sugarcane in Puerto 
Rico with the gele strepenziekte of Java and the yellow-stripe disease 
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of Hawaii and other regions was finally recognized by the inyestigators 
of this subject in Puerto Rico (6, U, 16, SO, 37), and the infectious 
nature of the disease was generally accepted by them. Adequate 
evidence of its being infectious was kill lacking, however; the experi- 
mental evidence was meager and not free from the possibility of error; 
and nothing was known regarding field dissemination. 

In 1920 Braudes (7) published the outstanding discovery that sugar- 
cane mosaic is transmitted naturally by Aphis maidis Fitch. Addi- 
tional evidence showing the infectious nature of tliis mosaic and the 
role played by Aphis maidis in its dissemination wars presented by 
Bruner {11) in Cuba, by Kunkel {22) in Hawurii, by Ledeboer {SJ}.) 
and Wilbrink {40) in Java, by Chardon and Veve {12, IS) in Puerto 
Rico, and by Fawcett {17) in Argentina. 

Early in 1920, Brandes (7) succeeded in transmitting the mosaic 
disease directly from diseased to healthy sugarcane without the aid of 
Aphis maidis. By means of a glass hollow-needle syringe, he injected 
into the growing points of healthy sugarcane plants 0.5 cc of sap 
pressed from ground tissue of young joints of mosaic-diseased sugar- 
cane. After an interval of a little more than one month, infection 
had appeared in 8 out of 10 plants inoculated with sap expressed under 
a cover of purified mineral oil, but only 2 out of 10 inoculated plants 
contracted the disease wdien the sap employed was obtained without 
any protecti^^e covering against exposure to air. It is important to 
note, however, that in both instances the inoculating material was 
used, as the author states, /^immediately after being prepared.” 

Brandes and Klaphaak {10) regarded lapse of time and exposure 
to air as the chief causes of the failure of expressed \drus-containing 
juice to produce the disease. They say {10, p. 251 ) — 

Virus capable of causing infection when used immediately after being expressed 
from diseased stalks was found in one experiment to be without effect when 
injected 24 hours later.^ The virus of grass mosaic is less stable or more sensi- 
tive to the influence of its environment than that of many other similar diseases, 
notably the tobacco mosaic. In these experiments it has been found very 
refractory and difficult of physical manipulation or chemical treatment without 
loss of virulence. 

They also remark {10, p. 248 ) : Sometimes whole series of inoculations 
including known susceptible control plants failed, owing to unknown 
causes.” These authors continued to use a cover of mineral oil over 
their inoculum, and they succeeded in transmitting the disease direetlj 
from cane to cane and from cane to sorgo, millet, and Digitaria 
sanguinalis. Thus it was definitely established not only that sugar- 
cane mosaic is really infectious and transmissible to healthy plants of 
sugarcane and some related forms by the vector Aphis pnaidis , hut 
also that it may be artificially transmitted by means of hollow-needle 
inoculation with freshly extracted sap from diseased plants suitably 
protected from the air. 

Doolittle {15) found that juices of mosaic cucurbits retained the 
power of infection for only a short period after their extraction and 
usually lost their virulence within 24 to 48 hours. Dried material 

4 In this connection Brandes (7, p. 132) credits r. S. Earle with calling attention, in a then unpublished 
paper, to a method of inoculating with juice expressed under oil to hinder possible oxidation. Bruner 
(//), however, states it as his understanding that the procedure of extracting the cane juice under mineral 
oil to avoid oxidation was originally suggested by E. D. Colon and F. A. Lopez Dominguez, of the insular 
experiment tation of Puerto Rico, and that this procedure was employed later by Professor Earle. 

5 This was not intended to imply that the virus would lose its virulence at the end of 24 hours under all 
conditions, as Doctor Brandes, since his first experiments in 1920, had been storing away samples of extract 
of sugarcane mosaic for the purpose of testing in the future the effect of age on retention of virulence. 
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likewise suffered a rapid loss of the infectious power. Preseryatiyes 
to stop feriiientation did not serve to prolong the period of activation 
ill extracted infected juice, and low temperature had only a;slight 
effect in prolonging the power of infection. Henderson and Wingard 
(IS) report that the tobacco ring-spot virus is inactivated in 12 to 24 
hours at ordinary room temperature and that they never succeeded 
in getting infection from dry material, no matter how fresh it happened 
to be; on the other hand, they found that the virus may retain its 
virulence for at least 22 months when kept at a temperature of 
-18" C. 

Allard {1, 2) found that the tobacco-mosaic virus was still infectious 
after it had been bottled for four months. He later found {2^ p. 636) 
that at the end of 231 days similarly kept extract of tobacco-mosaic 
virus was still highly infectious. 

Earle (16, p. 17) states that — 

oxidation might affect the vitality of the mosaic virus, and that a sucking insect 
flying from a diseased to a healthy plant and again feeding might regurgitate a 
minute quantity of the diseased juice without having exposed it to the air. 

With juice pressed from diseased canes, without oil covering, he 
inoculated 7 canes by means of a hypodermic needle thrust into the 
leaf spindle above the terminal bud. After about 6 weeks he observed 
2 infected plants, whereas from 10 inoculations made with oil-pro- 
tected diseased juice he observed 5 infected plants after about 4 
weeks. Seven other plants, inoculated in the midribs of young leaves, 
showed no symptoms of the disease. On the day after the tests with 
oil-protected juice some of the juice was used in 3 additional cane 
plants, but no positive infection developed. Because of the imper- 
fectly known technic of inoculation and the utter lack of understanding 
of host response and reaction, little could be said in favor of one pro- 
cedure over the other, particularly when there seemed to be a lack of 
uniformity in the results, even with the method that had been success- 
ful in one instance. 

At about the same time the writer (30) obtained 2 mosaic infections 
among 5 cane plants that had been inoculated with air-exposed 
infected juice. In another similar experiment he obtained 2 infections 
out of 20 inoculations. In both tests the period between inoculation 
and the appearance of the first mosaic symptoms was about 14 days. 
The tests of both Earle and the writer, however, unlike those' of 
Brandes, were performed under conditions that did not preclude the 
possibility of natural infection by aphids. 

Following the studies of Brandes, Earle, and the writer, Bruner (11) 
attempted to transmit sugarcane mosaic, sometimes through the 
agency of Aphis maidis and sometimes without employing the 
insect vector; he also considered the possibility that exposure to air 
might have an inhibiting effect upon the virus in pressed-out 
sugarcane sap. To reduce the air exposure of the sap intended for 
inoculation he superimposed a mosaic-infected leaf upon a healthy 
leaf and, holding the two in close contact by finger pressure, he thrust 
a fine hypodermic needle rapidly through the infected leaf into the 
healthy one. In this manner he inoculated a tender leaf, a mature 
leaf, and an old leaf on each of 100 shoots comprising altogether 23 
cane stools of the variety Cristalina. The experiment was made 
November 6, 1920; and in March, 1921, only eight shoots in 3 stools 
showed infection. Bruner believed that the small percentage of 
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infection in this experiment might have been due to the fact that his 
inoculated plants were well advanced in development and the rate of 
growth was slow. In another experiment (his No. 8) Bruner injected 
infected juice that had been extracted under a cover of oil into 15 
sugarcane plants of the variety Cavengerie, while 15 other plants of 
the same variety were similarly injected with juice extracted in the 
air. The operations were performed rapidly and in each series only 
one minute intervened between extraction and inoculation. In each 
of the lots 3 plants became infected within about 8 weeks from the 
time of inoculation. Bruner {11, p. 21) states (translation): 

We can conclude that the diseased cane juice extracted without any provision 
against oxidation will reproduce the mosaic just as the juice extracted under a 
protective cover of oil if there is no delay in making the inoculation after extracting 
the juice. 

In 1920 Brandes (7) obtained no infection of cane plants of the 
Lahaina variety when juice from infected leaves, prepared without 
any oil protection, was rubbed with the fingers into either unbroken 
or needle-scarified surfaces of young leaves ; nor did any infection 
result when inoculation was accomplished by scarifying the young 
leaf cells with a sharp needle dipped in the air-exposed mosaic- 
infected juice. Only 1 infection resulted from 10 inoculations made 
by numerous needle pricks with the same air-exposed juice. In other 
tests, where the inoculation methods just mentioned were employed 
except that the diseased juice was pressed from young stems under 
mineral oil, there were no infections. When a hypodermic syringe 
was used, 8 out of 10 inoculations made with oil-protected inoculum 
were successful, whereas only 2 out of 10 inoculations made with 
unprotected inoculum were successful. Using absorbent cotton wet 
with juice that had been pressed (without oil) from leaves and upper 
joints of diseased Lahaina sugarcane, Kunkel (23) rubbed the inocu- 
lum into wounded leaves of healthy Striped-Tip sugarcane plants. 
He performed 3 experiments, each with 6 plants, but reported no 
infections except from the third experiment, after a lapse of about 
3 months, when 5 of the plants showed mosaic symptoms. ^ From 
2 to 3 weeks usually intervenes between the date of inoculation and 
the first appearance of symptoms of this disease. 

McRae and Subramaniam {29), using a needle, pricked juice from 
freshly crushed mosaic leaves into the leaf sheaths and stems of sugar- 
cane, maize, and sorghum. They reported many successful inocula- 
tions, but the proportion of infection to inoculation was highly 
variable; for instance, out of 16 shoots of the cane variety Coimba- 
tore 213, inoculated with juice from diseased Red Mauritius cane, all 
showed the disease; but out of 30 shoots of Coimbatore 213 inocu- 
lated with juice from Coimbatore 205 only 2 developed the disease. 
While this variability may perhaps have been due in some degree to 
differences in host relationships and possible attenuation of the virus 
in some varieties, it seems probable that the method by which the 
inoculum was secured and introduced into the healthy tissue was 
often at fault. 

Sein (5.^), using a fine needle, pricked freshly expressed diseased 
juice (without any oil covering) into the tender parts of the tightly 
rolled young leaves of cane shoots and obtained more than 50 success- 
ful infections in one experiment with 100 inoculated plants. Subse- 
quently he abandoned the use of extracted sap and adopted the 
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principles of Bruner's (11) method; a band of expanded mosaic leaf 
was held tightly wrapped around the stripped cylinder of young, 
tender leaves of the healthy plant and the pin point was repeatedly 
thrust through the diseased tissue into the healthy leaves. Out of 
100 shoots inoculated in the open field by this method, 94 per cent 
showed infection. Sein thought that liis very line needle, tliriist 
rapidly through the previously unbroken band of diseased leaf into 
the still tightly rolled cylinder of healthy young leaves, carried dis- 
eased material almost directly into healthy tissue without any con- 
siderable exposure of the material to the air. It is apparent, how- 
ever, that if exposure to am is really detrimental to this virus, the air 
between the two rather rough leaf surfaces may be sufficient to affect 
the virulence of the minute quantity of infected juice carried by the 
needle, no matter how firmly the band of diseased leaf is held by the 
fingers against the leaf cylinder. The advantage of using a very fine 
needle, as recommended by Sein, would come from the fact that the 
very small stab lesion resulting from the puncture would cause very 
little injury, and that the virus would thus be introduced directly 
into an environment of living cells, 

A study of these recent papers on the artificial transmission of 
sugarcane mosaic makes it evident that their authors have generally 
thought that this virus (or at any rate the expressed juice from dis- 
eased tissues) becomes greatly weakened or loses its capacity for pro- 
ducing mosaic symptoms if the inoculum is not used very soon after 
it is prepared, and especially if air has access to it during preparation 
or in the process of inoculation. 

It appears, though it has not been exactly thus stated, that the 
disease-producing capacity of the virus of sugarcane mosaic depends 
on its being in intimate and practically uninterrupted association 
with the living cell contents of its host. No one has as yet recorded 
the occurrence of infection in healthy sugarcane plants from the 
application of decayed or dried material from infected sugarcane 
plants or from air-exposed extract of diseased cane tissue when the 
extract has been kept a long time at ordinary room temperatinns. 
It is commonly supposed that there are marked differences in sus- 
ceptibility to visible infection, not only among different varieties of 
cane at any given stage of growth but also among the several parts or 
regions of an individual plant. The inoculum from diseased plants 
has generally been applied to the growing point of tlie cane plant or 
the youngest leaves, and it seems to be an accepted conclusion tliat 
cane roots are not at all receptive to the introduction of the disease. 
The capacity of the virus to produce the symptoms of sugarcane 
mosaic seems to depend on a narrow range of external conditions as 
well as on the varying internal reactions of the host. 

EXPERIMENTAL METHODS 

The inoculum used in the experiments reported in this paper was 
obtained ffrom young mosaic-infected suckers which sprang up from 
time to time from the bases of three mosaic-infected fully grown stools 
of the sugarcane variety P. O. 234. After the mature leaves had 
been discarded the remaining leafy portions, including the false 

_ « The inoeulation method employed by McKinney (SS) in his work with wheat and rye was tested, but 
in no instance did the inoculated sugarcane show infection. 

7 Froefstation Oost Java. 
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stems, of about 10 shoots were cut into K-inch lengths and gTound in 
a meat chopper, slowly, in order to avoid overheating the material. 
The sharply grooved nut-biitter-cutter disk furnished with, the chopper 
was employed. All apparatus used had been sterilized by boiling in 
hot water. The ground material was received from the chopper in a 
20-ml porcelain evaporating dish, most of the liquid being then 
squeezed out by hand through cheesecloth. The nearly dry pulp 
was discarded and the green filtrate, which contained much material 
in suspension, including whole and broken chloroplasts, was stored 
in vials or flasks, without special precautions of any kind except, in 
some instances, in regard to temperature. 

When a cane shoot was to be inoculated some of this liquid was 
transferred by means of a pipette to the wedge-shaped opening 
between the youngest expanded leaf blade and the next younger leaf 
on the same side, which was still rolled. The blade of the youngest 
expanded leaf bends sharply away from the vertical axis of the plant, 
and its base partly clasps the false stem or leaf spindle, thus forming 
a sort of cup or reservoir that retains the liquid, while a small area 
of the outer surface of the most recently exposed but still rolled leaf is 
covered by the liquid. The relations of these two leaves and the 
expressed juice held between them are shown in Figure 1. A fine 
needle point (usually No. 216, Special Minuten Nadeln), set into a 
glass rod which served as a handle, was next passed horizontally, or 
somewhat obliquely downward, through the liquid and into the 
submerged area of the still rolled leaf. In addition to the direct 
downward punctures, several vertical cuts with the needle were made 
through the leaf tissue in order to allow the contact of the \drus with 
the now severed fine transverse connections of the vascular bundles. 
This stabbing operation was repeated rapidly about 5 or 6 times, with 
gentle pressure; each needle thrust formed a new puncture, but all 
punctures were close together and were covered by the juice in the 
reservoir. This method of inoculation was found to be suitable for 
young sorghum and Digitaria plants as well as for sugarcane. Inocu- 
lations were usually made on a cloudy afternoon, when the light 
intensity was weak and evaporation was slowu 

The inoculated plants stood for many weeks in pots of soil in an 
ordinary greenhouse, at a temperature varying from about 25° to 
30° C., and were frequently inspected. Each inoculated culture had 
a green label showing how and when inoculation was performed. 
When mosaic symptoms appeared a red label w^as attached, bearing 
the date of the first appearance of the disease. Subsequent notes were 
added as the malady progressed. 

The greenhouse was screened, and no individuals of Aphis maidisj 
the natural transmitter of the disease, were observed in the compart- 
ments used or in adjacent ones. As has been said, no special pre- 
cautions were taken to protect the expressed juice from the air. Nor 
were any pains taken to use the extract immediately, although many 
inoculations were made on the same day as that on which the extract 
was prepared— usually after about 2 to 4 hours. When inoculations 
were not to be made until the day after the extraction or later, the 
inoculum was stored in open beakers or vials in an electric refrigerator 
at a temperature of about 4° C. At this temperature, as well as at 
higher ones, considerable development of bacteria and other micro- 
organisms was observed after 24 hours, and it was suspected that these 
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might partly account for some inactivation of the stored extract. 
Tests in which stored extract was kept at a temperature below the 
freezing point of water were therefore made. For these tests several 
somewhat diflerent procedures were tried. (1) Freshly expressed 
juice from infected cane was kept in open vials m the freezing compart- 
ment of an electric refrigerator from within 1 hour after the crushing of 
the diseased material until the inoculum was used. The temperature 
of this compartment was — 6"^ C., and the liquid became solidly frozen 
within 24 hours, being thawed at room temperature just before use. 
(2) Fresh diseased extract in similar open vials was frozen solid 
within 20 minutes after extraction, by means of blocks of solid carbon 
dioxide placed alongside in a small, suitably insulated box. The vials 
of frozen inoculum were then transferred to the refrigerator compart- 
ment just mentioned, where the material remained frozen, at about 
“6° until thawed for use. (3) Fresh juice from mosaic sugarcane 
was first stored for 6 days at 4°; it was then transferred to the freezing 
compartment of the refrigerator (“6°) and stored there until thawed 
for use. 

EXPERIMENTAL DATA 

INOCULATION TESTS 

Data for several hundred inoculation tests made in the spring and 
summer of 1931 are presented in Table 1. In all these the inoculum 
employed was juice expressed from mosaic-diseased sugarcane of the 
variety P. 0. J, 234, and the method of inoculation was usually that 
described in the preceding section. It is, of course, understood that a 
single inoculation of this kind includes several separate needle punc- 
tures, all close together. This type of inoculation is herein designated 
as the '^regular” method. In a few instances other methods of 
inoculation were used. Tests were made on the Black Amber variety 
of sorgo and on six mosaic-susceptible varieties of sugarcane, namely: 
Louisiana Purple, P. O. J. 36-M®, D ^-74, P. 0. J. 234, Crista- 
lina, and B. 10/12. In each experiment a young, vigorously 
growing, and apparently healthy plant 1 to 2 feet in height was em- 
ployed for each inoculation. The results of these tests are shown in 
Table 1. 

Specific records of control plants are omitted, since such records 
would constitute merely a series of repetitions. In each test, however, 
control plants as nearly like the inoculated plants as possible were used. 
The controls received the same treatment as the inoculated plants 
except that they were not inoculated. The number of controls was 
usually the same as the number of inoculated plants, but in some 
instances it was much larger. vSeveral hundred healthy surgarcane 
plants growing in the greenhouse were continually under observation 
until March, 1932, and these served as additional, though undesig- 
nated, controls. None of the uninoculated plants, whether designated 
as controls or not, showed any mosaic symptom during the period of 
observation (from April, 1931, to March, 1932). As the records show, 
however, inoculation did not always produce infection. 


« Mingka selection of P.O.J. 36, 
» Demerara. 

10 Barbados bybrid. 
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Table 1. — Results of inoculating Black Amber sorgo and six susceptible varieties 
of sugarcane loith mosaic virus under various conditions in 19S2 




Inoculum 

Inoculations 

Infections observed 


Exper- 


Stor- 







Variety 

iment 








No. 

Age 

age 

tern- 

Date 

Num- 

ber 

Meth- 

od 

Date 

Num- 

ber 

Total 




per a- 









ture 








1 

Hours 

2-4 

° C. 
(«) 

Apr. 27 

12 

(f') 

(May 11 
^May 23 
iMay 26 

1 

4 

3 

8 








i-.do 

1 



2 

24 

4 

Apr. 28 

12 

(0 

jMay 28 
|May 29 

2 

1 

8 

SorPT) CBlack Amberl ' 







[June 4 

4 



3 

24 

4 

L„.do 

12 

00 

I'May 11 
\June 3 

1 

1 

} ^ 


4 

2-4 

C«) 

(«) 

May 27 
--.do 

6 

(^) 

(^) 


0 

0 

Sugarcane; 

^ 5 

2-4 

6 

/June 12 
iJune 18 

fMay 11 

1 

2/ 

} ^ 










1 

] 


6 

24 

4 

Apr. 28 

6 


May 15 
iMay 24 

1 

2 









May 25 ' 

1 

J 




i 




MAy 28 

1 

1 


7 

24 

4 

May 15 

13 

(^) 

June 1 
IJune 8 

1 

1 









June 17 

4 

1 








May 28 

1 

1 

Louisiana Purple - 

8 

24 

4 

— do — 

32 

(0 

• June 8 

1 

3 







June 17 

1 

1 


9 

2-4 

(a) 

May 25 

11 

(0 

{June 7 
\June 9 

6 

1 

} 


10 

2-4 

(“) 

4 

do 

10 

(*) 

(0 


0 

0 


11 

Days 

11 

—-do 

5 

June 8 

1 

1 


12 

10 

4 

June 23 

11 i 

(-=) 

July 24 

3 

3 


13 

Hours 

2-4 

(a) 

May 27 

6 

C^) 

'June 18 
\June 22 

4 

1 

} « 



Days 





(July 17 

1 



14 

26 

4 

June 19 

6 

C^) 

{July 22 

1 

3 







[July 23 

1 









(July 31 

1 









Aug. 5 

5 









Aug. 6 

5 




Hours 





Aug, 7 

1 



15 

2-4 

(«) 

July 20 

30 

(‘0 

(Aug. 9 

1 

^ 20 







Aug. 11 

2 









Aug. 18 

2 









Aug. 27 
[Sept. 22 
Aug. 5 

1 

2 

1 


P. O. J. 36-M.. 

‘ 16 

24 

1 

4 

July 21 

24 

~ (') 

Aug. 7 
Aug. 8 

1 

1 

4 








Aug. 19 

1 




Days 





Aug. 5 

2 



17 

14 

4 

-__do 

30 

(<^) 

Aug. 7 
Aug. 11 

3 

^ 6 





1 








Oct. 6 

3 



18 

28 

~6 

Sept. 17 

10 

C«) 

Oct. 8 

1 

5 


i 


' 


.Oct. 19 

1 









Oct. 1 

1 









Oct. 5 

2 



19] 

22 

A_6 

-—do. 

10 

(9 

Oct. 6 
Oct. 7 

1 

1 

7 








Oct. 8 

1 









Oct. 20 

1 



. 20 

28 

» -6 

-do-— 

10 

(9 

Oct. 5 

1 

1 


« The inoculum was stored at room temperature. 

The plants were inoculated by rubbing the extract into the young leaves by means of a glass rod . 
c The regular method of inoculation was employed (p. 827). 

^ The plants were inoculated by injecting the extract into a rolled leaf by means of a hypodermic syringe . 
« The regular method of inoculation was employed, but the leaf tissue was not punctured . 
f The regular method of inoculation was employed except that a coarse needle was used. 

B The extract was frozen within 20 minutes after being prepared, previous to storage. 

A In storage the extract became frozen within about 24 hours after preparation. 

»■ The extract was stored for 6 days at 4° C., then frozen and stored at —6°. 
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Table 1. — Results of inoculating Black Amber sorgo and sis susceptible varieties 
of sugarcane with mosaic virus under various conditions in 1932 — ^Continued 
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Inoculations 

Infections observed 

Variety 

Exper- 
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No. 

Age 
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pera- 

Date 

Num- 

ber 

Meth- 

od 

Date 
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Hours 

° C. 








' 21 

24 

4 

June 9 

16 

(0 

(■June 22 
(June 24 

1 

2 

} ^ 


22 

24 

4 

June 11 

8 

(0 

/June 29 
lJuly 3 

1 

1 

2 

i 



Hours 









23 

2-4 

(«) 

July 2 

6 

(0 

Aug. 5 

5 

5 

D-74 







fOct. 5 

I Oct. 9 
lOct 12 

3 

1 

1 



24 
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28 

ff-6 

Sept. 17 

10 

(0 

1 ® 








[Oct. 20 

1 

) 


25 

22 


—do 

10 

(0 

/Oct. 2 
tOct. 7 

1 

1 

} 2 


. 26 

' 27 

28 

1-6 

_..do 

10 

(0 

(0 


0 

0 


28 

4 

June 22 

12 

{July 6 
•July 13 
{July 15 

1 

1 

1 

1 ^ 


28 

28 

4 

June 24 

11 

(•^) 

July 20 

1 

1 

P. 0. J. 234 

< 29 

28 

u —6 

Sept. 17 

10 

(0 

/Oct. 1 
lOct. 5 

2 

} » 


1 


30 

22 

h-Q 

-.-do 

10 

(0 

/Oct. 1 
iOct. 5 

1 

2 

} ® 


. 31 

28 

*■ -6 

do 

10 

(0 

(0 

0 

0 

Cristalina 

32 

30 

4 

June 27 

6 

July 11 
(Oct. 5 

1 

1 




2 

1 


33 

28 

a —6 

Sept. 17 

10 

(0 

met. 6 

1 

1 4 






1 Oct. 9 

1 

1 

B. H. 10/12 

34 

22 


-.-do 

10 

(^) 

Oct 1 
met. 5 

1 



2 

> 5 



lOet. 9 

2 

1 


. 35 

28 

i -6 

__.do 

10 

(0 


0 

0 







"The inoculum was stored at room temperature. 

« The regular method of innoculation was employed (p. 827). 

The extract was frozen within 20 minutes after being prepared, previous to storage. 

^ In storage the extract became frozen within about 24 hours after preparation. 

^ The extract was stored for 6 days at 4° C., then frozen and stored at —6°. 

RELATIVE EFFECTIVENESS OF DIFFERENT METHODS OF INOCULATION 

Experiment 1, Table 1, shows that sorgo may be successfully inocu- 
lated by merely rubbing the extract into the leaves without puncturing 
the tissue; out of 12 tests, 8 were successful. This rubbing method is 
not usually so efficient in transmitting the disease, however. Experi- 
ments 2 and 3, also with sorgo, show the relatively low degree of 
efficiency of inoculation by means of a hypodermic syringe as com- 
pared with inoculation by means of a drop of inoculum and several 
fine-needle punctures (regular method). Out of 12 tests, the syringe 
method gave only 2 infections; the regular method gave 8. 

Experiments 4 and 5, also with sorgo, confirm the frequently re- 
peated observation that merely placing inoculum on the surface of the 
young leaf , without puncturing, is not a successful method of inocula- 
tion. In each of these cases there were 6 tests; the regular method 
gave 3 infections; the same procedure without puncturing gave mqne. 
Experiments 9 and 10, with Louisiana Purple sugarcane, show similar 
results; the regular method gave 6 infections out of 11 inoculations, 
whereas 10 similar inoculations without pimcturing resulted in no 
infection. 



832 


Journal of Agricultural Research Voi. 46 , No. o 


Experiments 7 and 8, with Louisiana Purple sugarcane, indicate 
that where the regular method of inoculation is employed a very fine 
needle gives a higher percentage of successful infections than does a 
coarse dissecting needle. In these two expeiiments the use of a very 
fine needle resulted in 7 infections out of a possible 13, whereas when 
a coarse dissecting needle was employed there were only 3 infections 
out of a possible 12. 
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Table 2. — Relative %7if ectiousness of similar mosaic extracts {from infected sugarcane 
P. O. J. 2S4) variously treated prior to their use in making inoculations 


Group 

No. 


1 


2 


3 


4 


5 


6 


7 


Treatment of inoculum 


Extract stored only about 2 to 4 
hours at room temperature 

Total 

Extract stored about 1 day at 4® C... 

Total 

Extract stored 10 to 14 days at 4® C. 
Total 

Extract stored 25 to 28 days at 4® C_ 


Total. 


Extract frozen within 20 minutes 
after preparation, then stored 
about 27 days at —6° C. 

Total- - 


Extract stored about 27 days, at 
—6° C., becoming frozen within 
first 24 hours 


Total 


Extract first stored 6 days at 4° C., 
then frozen and stored 20 days at 
- 


Total 


Experi- 

ment 

No. 
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Inocu- 

la- 
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Infections 



N'um- 

N'um- 

Per 



her 

her 

cent 

{ 5 

Sorgo .. ... 

6 

3 

50 

9 

Louisiana Purple cane 

11 

6 

55 

{ 13 

P. 0. J. 36-M cane. 

6 

5 

83 

15 

do 

30 

20 

67 

1 23 

D“74 eane-. 

6 

5 

83 



59 

39 

66 


Sorgo. 

12 

8 

67 

J 6 

Louisiana Purple cane, 

6 

5 

83 

1 

do.,- 

13 

7 

54 

1 16 

P. 0. J. 36-M cane 

24 

4 

17 



55 

24 

44 


Louisiana Purple cane 

5 

1 

20 

\ 12 

do 

11 

1 3 

27 

1 17 

P. 0. J. 36-M cane 

30 


20 



46 

10 

22 






r u 

P. 0. J. 36-M cane 

5 

3 

60 

21 

D-74 cane ' 

16 

3 

19 

22 

do 

11 

2 

18 

27 

P. 0. J. 234 cane 

12 

3 

25 

28 

do 

11 

1 

9 

32 

Cristalina cane.. 

6 

1 

17 



61 

13 

21 

f 18 

P. 0. J. 36-M cane,-- 

10 

5 

~50 

) 24 

D-74 cane 

10 

6 

60 

1 29 

P. 0. J. 234 cane 

10 

3 

30 

1 33 

B. H. 10/12 cane.-. 

10 

4 

40 



40 

18 

45 

19 

P. 0. J. 36-M cane 

10 

7 

70 

25 

D-74 cane, 

10 

2 

20 

30 

P. 0. J. 234 cane 

10 

3 

30 

34 

B. H, 10/12 cane 

10 

5 

50 



40 

17 

43 

f 20 

P. 0. J. 36-M cane 

10 

1 

10 

1 26 

D-74 cane 

10 

0 

0 

j 31 

P. 0. J. 234 cone - 

10 

0 

0 

1 35 

B. H. 10/12 cane 

10 

0 

0 



40 

1 

3 







To secure the highest percentage of infection it appears to be de- 
sirable to use the extracted juice while fresh. Storage in an ordinaiy 
refrigerator, however, may be expected to preserve the infectiousness 
of this virus for a long time, despite its apparently progressive loss of 
virulence. 

The percentages for groups 5, 6, and 7 indicate that a storage tem- 
perature somewhat below the freezing point of water preserved the 
virulence of the virus much more satisfactorily than did a temperature 
of about 4^ C. As might be expected, for freezing storage it appears 
to be desirable to bring the extract into the frozen oondition soon 
after its preparation, for a 6-day storage at 4^ followed by a 20-day 
storage at —6° gave very unsatisfactory results (group 7, with mean 
percentage of oiuy 3). Nevertheless, the percentage value for group 
5 (with quick freezing) is only slightly— and probably not signifi- 
cantly— higher than that for group 6 (without quick freezing). It 
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may therefore be recommended that extract of mosaic-inyfected sugar- 
cane intended for inoculation tests similar to those of the present 
study should be prepared at a temperature as low as is feasible (with 
cold press and vessels) and brought to a freezing storage temperature 
promptly. It is important to note that extract stored for nearly a 
month at *-6° (groups 5 and 6) gave, on an average, _ infection per- 
centages (45 and 43), approximately the same as that given by similar 
extract stored at 4° for a single day (group 2, with a mean percentage 
of 44). Since it appears that the freezing of the extract did not dimin- 
ish its infectiousness, it might be desirable to employ freezing of the 
infected tissue to aid in freeing the juice from the cells, as has fre- 
quently been done when plant tissues were to be extracted for other 
purposes. The infected material would thus be first frozen, then 
thawed, ground, and pressed, and finally stored at a freezing 
temperature. 

Although the rather broad field explored in this preliminary study 
and the consequent lack of extensive series of strictly comparable 
data make the application of detailed numerical computations and 
more precise analytical methods inapplicable, yet it may be inter- 
esting to note that the highest infection percentages for individual 
experiments are shown for experiments 13 and 23 (group 1, with fresh 
extract) and for experiment 6 (group 2, with extract that had been 
stored about 1 day at 4*^ C.), each of which gave 5 infections out of 6 
inoculations, or 83 per cent of successful transmission of the disease. 
The next lower individual percentages (67 to 70) were given by experi- 
ment 15 (group 1, with fresh extract), experiment 2 (group 2, with 
extract that had been stored about 1 day at 4°), and experiment 19 
(group 6, with extract that had been stored about 27 days at —6°). 

DISCUSSION 

The causative substance or virus of the sugarcane mosaic disease, 
when separated from the host, seems to be much more sensitive to its 
surroundings than are some of the other and better known plant vi- 
ruses, which may be readily and successfully transmitted by the simple 
operation of rubbing into the bruised tissues of an uninfected plant 
a minute quantity of material from crushed cells of a diseased plant. 

The deterioration of the juice expressed from infected plants is 
probably the result of a number of factors. When cells are crushed 
and pressed the physical, chemical, and physiological influences nor- 
mally prevailing in the living cell contents must undergo great altera- 
tion; the characteristic vital coordinations are disturbed and the 
activities of various catalytic agents, such as the enzymes, become 
either retarded, or accelerated. Furthermore, the relations between 
the extracted juice and the atmosphere, especially those connected 
with the interchange of oxygen and carbon dioxide, must be very 
different from the corresponding relations between living cell con- 
tents and the atmosphere. Moreover, bacteria or other microorgan- 
isms may become active in the expressed juice. 

The many failures that have attended attempts to transmit the 
sugarcane mosaic by means of expressed sap, even when freshly pre- 
pared, indicate that successful transmission may depend on some 
specific manner of introducing the extracted sap into the healthy 
plant. The tissue with which the inoculum first comes in (nntact 
must serve as a suitable and receptive medium for the continuation 
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of the life or activity of the infective substance, or it must at least 
offer a vehicle for the conduction or transfer of that substance to 
cells that are capable of harboring it and disseminating it through the 
plant. In his study of the mechanics of inoculation, Brandes (5) 
pointed out that Aplm maidis, the only Imown natural vector of 
sugarcane mosaic, apparently causes no perceptible destruction of 
tissue as it feeds on the leaf of maize, although the fine setae of the 
insect's proboscis pass through the epidermis of the leaf, and generally 
past several cell layers until they penetrate the phloem. The slight 
surface wounding caused by the aphid seems to produce no serious 
injury, nor do the disease symptoms appear first at the place of 
puncture. As shown by the writer (SO) and others, mere surface con- 
tact between healthy and diseased sugarcane plants does not bring 
about transmission, since leaves of healthy plants in the field in 
contact with leaves of diseased plants remained healthy indefinitely. 

It seems clear that in order to produce infection, virus or infected 
juice must come into intimate contact with the inner cells. But 
artificial applications to interior tissues do not always lead to infec- 
tion. According to Stevenson (S7), Earle (16), the writer {30) y and 
Sein {SB)j the application of diseased tissue or juice to knife-cut sur- 
faces of internal stem tissue of healthy plants or cuttings did not pro- 
duce the disease. Nevertheless, Bonazzi (5) reported successful 
inoculations through comparatively large stem wounds made vith a 
borer, and Wilbrink (41) induced infection in healthy seed cuttings 
by cutting them with a knife that had been used to cut diseased cane. 
Brandes (9) suggested that in plants inoculated by means of aphids 
the phloem may be the path of transmission and that in successful 
artificial inoculations through mature stem tissue the infection may 
have been transmitted to the new shoots by way of the vascular 
bundles rather than through the mature and inactive parenchyma- 
tous tissue. The success or failure of inoculation experiments with 
this mosaic may be explained by assuming that infection is most apt 
to result from artificial introduction of diseased jidce if the operation 
is so performed as to bring the inoculum into immediate contact with 
some special cells of the vascular bundles without undue injury either 
to these or to the overlying tissues. 

Since this virus is systemic in the infected host plant; since the host 
with the virus in it continues active existence almost indefinitely, 
although in many cases small regions of dead or shrunken parenchyma 
may be observed in the stems of infected plants (SO); and since the 
virus loses its potency in dead tissue, it follows that the virus is not 
only naturally adapted to the living cells of the host but that its 
virulence depends upon the conditions of living tissue. 

When successful inoculations were made through the rolled leaves 
of a young cane plant the first visible symptoms of mosaic were gen- 
erally observed only after two weeks or more, usually as much as 12 
inches or more below the point of inoculation and in the second or 
third leaf, but not in the outermost and oldest leaf of the spindle into 
which inoculation had been made. At the same time first symptoms 
were often discernible in inner leaves of the spindle that had not been 
readied by the infecting instrument at all. The virus must have de- 
scended several inches tlirough the first infected older leaf or leaves to 
their insertions, whence it seems to have passed into the bases of the 
younger leaves, moving upward with their growth until the symptoms 
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became visible as tlie leaves expanded. In this respect sugarcane 
mosaic is like other mosaic diseases. It may, therefore, be supposed 
that the virus is not at once active in the production of mosaic synip-- 
tonis in an inoculated leaf, but that it passes downward in tliat leaf 
for a long distance without causing visible injury and produces visible 
symptoms only after it has moved upward into still younger leaves. 
TThis supposition appears to agree with observed facts. There is 
reason for believing that the path of descent may be in the phloem. 

Whatever the method by which diseased sugarcane juice has 
previously been applied to healthy plants — whether it has been 
rubbed into wounded leaves, injected with a hypodermic syringe, or 
pricked in with a needle — no attempt apparently has been made to 
prevent access of air to the lesions. It is reasonable to suppose that 
the hydrostatic and gas pressures that prevail in the vessels and in 
the closed intercellular spaces of the healthy sugarcane leaf are some- 
wdiat lower than the gas pressure of the external air and of the sub- 
stomatal and other gas-filled spaces that are in direct communication 
with the external air, especially when transpiration is proceeding 
rapidly. Under such conditions of pressure gradients, minute quanti- 
ties of air would promptly enter any wound or incision made in 
the leaf, usually before the entrance of the liquid inoculum, no 
matter how promptly the latter might occur. Thus it may happen 
that at least some portions of the internal tissue surfaces suddenly 
exposed by a mechanical incision become covered with a thin gas 
layer before they are really reached by the diseased juice, and actual 
access of the latter to such gas-covered surfaces may be greatly re- 
tarded or even prevented. It is believed that these possibilities were 
largely avoided in the present experiments by first covering the 
region where inoculation incisions were to be made with a drop of 
the liquid inoculum, wliich remained in position as a water seal over 
the incisions until reduced and removed through evaporation and 
absorption; suction or diffusion of vims into the wounds continued 
to occur long after the completion of the stabbing operation. This 
expedient of making the needle stabs through a properly placed 
drop of diseased juice gave added assurance that the needle point 
was always thoroughly wetted witli the liquid as it entered the 
foliar tissue. 

Because of turgor, the hydrostatic pressure of living cells, including 
the elements of the phloem, is greater than that of the sap in the 
vessels; it exceeds also the gas pressure of the atmosphere and of the 
intercellular spaces. Hence some exudation may occur from living 
cells that happen to be penetrated by the stabbing needle. When 
stabbing is performed tinough a (irop of diseased juice the sucked-in 
inoculum should tend to come into immediate contact with any 
extruded cell contents, and the complex system of surface-tension 
gradients thus set up should result in convection currents that would 
effectively mix the two liquids. Tliis sort of mixing action would be 
much more rapid than simple diffusion and might continue for a 
long time after the operation of stabbing had been completed. 

SUMMARY AND CONCLUSIONS 

In this paper the present state of knowledge concerning the mosaic 
disease of sugarcane is reviewed and new experimental results of 
inoculation tests with this mosaic are presented. A new method of ^ 
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inoculation is described. In inoculation tests on healthy plants of 
the mosaic-susceptible sorgo variety Black Amber and on the mosaic- 
susceptible sugarcane varieties, the extracted juice of diseased sugar- 
cane was used as inoculum. In making an inoculation a drop of 
inoculum was placed in the wedge-shaped opening between the base 
of the youngest expanded leaf blade and the next younger leaf, 
recently exposed but still tightly rolled, on the same side of the false 
stem or leaf spindle. Through the liquid held in this wedge-shaped 
reservoir a very fine needle was repeatedly thrust with gentle pressure/ 
pricking the submerged area of the rolled leaf. The pricldng or 
stabbing was thus done under the liquid, which was allowed to 
remain in place till it evaporated or was absorbed. Where fresh or 
properly stored juice was used, high percentages of infection generally 
resulted within a few weeks, although the juice was never protected 
from the air. Except in inoculated plants, no infection was observed 
at any time during the investigation either in plants serving as con- 
trols or in other plants in the greenhouse. 

The results obtained indicated that expressed juice of mosaic- 
infected sugarcane tends increasingly to lose its infectiousness if 
kept in open beakers or vials for a day or more at room temperature 
or even at a temperature of about 4° C. This tendency was largely 
overcome, however, when the juice was stored in open vessels at a 
temperature of about at which the liquid became solidly frozen 
within 24 hours, and so remained until thawed at room temperature 
just before it was used in inoculation tests. High percentages of 
infection were obtained when inoculations were made (by the new 
or regular’^ method) vdth juice that had been stored in the frozen 
condition for as long as 27 days. Infectious juice that had been 
kept for 6 days at a temperature of 4^ and was then frozen and stored 
for 20 days at — 6° was found to have lost most or all of its infec- 
tiousness." In the light of present knowledge it may be recommended 
that infected juice for inoculation experiments of the sort here re- 
ported be frozen as soon as feasible after its preparation and be kept 
frozen until thawed for use; and also that the grinding and pressing 
operations by which infected juice is prepared should be performed 
at a temperature as low as possible. 


LITERATURE CITED 

(1) AlTjArd, H. A. 

1914. THE MOSAIC DISEASE OP TOBACCO. U. S. Dept. Agr. Bui. 40, 33 p., 
illus. 

(2) 

1918, EFFECT OF VAKIOUS SALTS, ACIDS, GERMICIDES, BTC., UPON THE 
INPECTIVITY OF THE VIRUS CAUSING THE MOSAIC DISEASE OP 
TOBACCO. Jour. Agr. Research 13:619--637. 

(3) Arendsen Hein, S. A, 

1893- VRAAGBORD. Arch. Java Suikerindus. 1: [215]~“216, illus. 

(4) Beijerinck, M. W. 

1898. UEBER BIN CONTAGIUM VIVUM FLUIDUM ALS URSACHE DER FLECKEN- 
KRANHEiT DEB TABAKSBLATTER. Verhaiidel. K. Akad. Wet- 
ensch. Amsterdam (2 sect.) deel 6, No. 5, 21 p., illus. 

(5) BoNAZZI, a. 

1926. STUDY ON SUGAR CANE MOSAIC. Science (d.s.) 64 : 529-530, 



838 


Journal of Agricultural Research 


VoL 46, No. 9 


(6) Bkandes, E. W. 

1919. THE MOSAIC DISEASE OF SUGAR CANE AND OTHER GRASSES. IJ. S. 

Dept. Agr. BuL 829, 26 p., illus. 

( 7 ) 

1920. ARTIFICIAL AND INSECT TRANSMISSION OP SUGAR-CANE MOSAIC. 

Jour. Agr. Research 19:131-138. 

( 8 ) 

1920. MOSAIC DISEASE OF CORN. Joiii*. Agr. Research 19: 517-522, illus. 

(9) — 

1923, MECHANICS OF INOCULATION WITH SUGAR-CANE MOSAIC BY INSECT 
YECTORS. Jour. Agr. Research 23:279-'284-, illus. 

(10) — and Klaphaak, P. J. 

1923. CULTIVATED AND WILD HOSTS OF SUGAR-CANE OR GRASS MOSAIC. 
Jour. Agr. Research 24:247“262, illus. 

(11) Bruner, S. C. 

1922. SOBRE LA transmision de la enfermedad del '^mosaico” o 
^'rayas amarillas’’ en la caNa de azucar. Rev. Agr., Com. 
y Trab. [Cuba] 5(1): 11-22, illus. 

(12) Chardon, C. E., and Veve, R. A. 

1922. SOBRE LA TRANSMISION DEL MATIZADO DE LA CANA PER MEDIO DE 

INSECTOS. Rev. Agr, Porto Rico 9:9-20, illus. 

(13) 

1923. THE TRANSMISSION OP SUGAR-CANE MOSAIC BY APHIS MAIDIS UNDER 

FIELD CONDITIONS IN PORTO RICO. Plivtopathologv 13:[24]-29, 
illus. 

(14) Colon, E. D. 

1918, YELLOW STRIPE OF SUGARCANE. Poi'to Rico Iiisular Expt. Sta. 

Ann. Rpt. 1917-18:66-68. 

(15) Doolittle, S. P. 

1920. the MOSAIC DISEASE OP CUCURBITS. U. S. Dept. Agr. Bui. 879, 

69 p., illus. 

(16) Earle, F. S. 

1919. THE year’s experience WITH SUGARCANE MOSAIC OR YELLOW- 

STRIPE DISEASE. Jour. Dept. Agr. and Labor Porto Rico 
3 ‘ 15—55. 

(17) Fawcett, G. L. 

1924. EL MOSAICO O enfermedad do las RAYAS AMARILLAS DE LA CAJJA. 

Rev. Indus, y Agr. Tucumdn 15:103-111, illus. 

(18) Henderson, R. G., and*^ Wingard, S. A. 

1931. FURTHER STUDIES ON TOBACCO RING SPOT IN VIRGINIA. JoLir. Agr. 
Research 43:191-207, illus. 

(19) [Kamerling, Z.] 

1903. DE GELE STREPENZiEKTE DER BLADEREN. Procfsta, Suikerriet 
West Java ‘‘Kagok” to Pekaloiigan, Verslag 1902:76-81. 

(20) Kobus, J. D. 

1908. vergelijkende proeven omtrent gele-strepenzibkte. Arch. 
Java-Suikerindus. 16:350-374. Repriided as Meded. Procfsta. 
Java-Suikerindus., No. 12, p. [319]- 342. 

(21) Kunkel, L. 0. 

1921. A POSSIBLE CAUSATIVE AGENT FOR THE MOSAIC DISEASE OF CORN. 

Hawaii Sugar Planters’ Assoc. Expt. Sta. BuL, Bot. Ser. 
3:44-58, illus. 

( 22 ) — 

1922. INSECT TRANSMISSION OP YELLOW STRIPE DISEASE. Hawaii. 

Planters’ Rec. 26: 58-- 64, illus. 

(23) _ ■ 

1924. further STUDIES ON THE INTRACELLULAR BODIES ASSOCIATED WITH 
CERTAIN MOSAIC DISEASES. Hawaii. Sugar Planters’ Assoc. 
Expt. Sta. BuL, Bot, Ser. 3:108-114, illus. 

(24) Ledeboee, F. 

1921. GELESTREPENZiEKTE. Arch. Suikeriiidus, Nederland.-Indie, 29 
(deel 2): 1000-1001. 



May 1, 1933 


839 


Art ificial Transmission of Sugarcane Mosaic 


(25) Lyon, H. L. 

1914. LAHAINA CANE INJURED BY YELLOW STRIPE DISEASE. Hawaii. 
Plaaters’ Rec. 10:320-323. 

(26) 

1921. THREE MAJOR CANE DISEASES: MOSAIC, SEREH, AND FIJI DISEASE. 

Hawaii Sugar Planters’ Assoc. Expt. Sta. Bui., Bat. Ser. 3:1-43, 
illus. 

(27) McClean, a. P. D. 

1928. MOSAIC DISEASE OP SUGAR CANE. WUTH SPECIAL REFERENCE TO 
ITS ERADICATION IN NATAL. So. AMcau Sugar Jour. 12:483, 
485,487,489. 

(28) McKinney, H. H. 

1925. A MOSAIC DISEASE OF WINTER WHEAT AND WINTER RYE. II. S. 

Dept. Agr. Bid. 1361, 11 p., illus. 

(29) McRae, W., and Subramaniam, L. S. 

1928. A FURTHER NOTE ON THE MOSAIC DISEASE OP SUGARCANE. Agr. 

Jour. India 23:239-255, illus. 

(30) Matz, J. 

1919. INFECTION AND NATURE OP YELLOW-STRIPE DISEASE OP CANE 
(mosaic, MOTTLING, ETC.) Jour. Dept. Agr. and Labor Porto 
Rico 3(4): 65-82, illus. 

(31) Musschenbrobk, S. C. van. 

1898. BESCHRIJVING VAN TWEE TOT DUSVERRE IN WEST-JAVA ONBEKENDE 
RIETZIEKTEN. SOERABAIASCHE VEREENIGING VAN SUIKBR 

FABRiKANTEN. Circulaire No. 42. Bijlage Arch. Java Suike- 
rindus. 1893 : [113]~118. 

(32) Sein, F. Jr. 

1930. A NEW MECHANICAL METHOD FOR ARTIFICIALLY TRANSMITTING 
SUGAR CANE MOSAIC. Joiir. Dept. Agr. Porto Rico 14:49-68. 

(33) Stahl, C. F. 

1927. CORN STRIPE DISEASE IN CUBA NOT IDENTICAL WITH SUGAR CANE 
MOSAIC. Trop. Plant Research Found. Bui. 7, 12 p., illus. 

(34) and Faris, J. A. 

1929. THE BEHAVIOR OP THE NEW P. O. J. CANES IN RELATION TO SUGAR 

CANE MOSAIC IN CUBA. Trop. Plant Research Found. Bui. 
9, 12 p., illus. 

(35) Stevenson, J. A. . ' 

1917. AN EPiPHYTOTic OP CANE DISEASE IN PORTO RICO. Phytopath- 
ology 7 : [418]-425, illus. 

(36) 

1917. REPORT OF THE PATHOLOGIST. Bd. Coiiim. Agp. Poi’to Rico Rpt, 
5:58-70. 

(37) 

1919. THE MOTTLING OR YELLOW-STRIPE DISEASE OF SUGARCANE. JOUP, 
Dept. Agr. and Labor Porto Rico v. 4 (i. e,, v. 3 No. 3) No. 
1, p. 3-76, illus. 

(38) Stok, j. E. van der. 

1907. VERSCHIJNSELEN VAN TUSSCHENRASVARIABILITEIT BIJ HET SUIKER- 

RiET. Meded. Profesta. Oost-Java, ser. 4, No. 36, p. [457]-477. 

(39) Walker, N. N., and Stahl, C. F. 

1926. certain grass hosts op the sugar cane mosaic disease and of 

THE CORN aphid CONSIDERED IN RELATION TO THEIR OCCURRENCE 
IN CUBA. Trop. Plant Research Found. Bid. 5, 14 p. 

(40) WiLBRINK, G. 

1922. EEN ONDERZOEK NAAR DE VERBREIDING DER GELESTREPENZIEKTB 

DOOR BLADLUizEN. Arch. Suikerindus. Nederland. Indie 30 
(deel 2) : [413]-456. 

(41) — — 

1930. MECHANICAL TRANSMISSION OP SUGAR CANE MOSAIC. CoHg. Ill- 

ternatl. Soc. Sugar Cane Technologists. Proc. (1929) 3:155- 

lu. ■ 

(42) — — - and Ledebobr, F. 

1910. BIJDRAGE TOT DE KENNIS DER GELE STREPENZIEKTB. Meded. 

Proefsta. Java-Suikerindus. deel 2, No. 39, p. 443-495, illus. 




THE EFFECT OF COOKING ON THE VITAMIN A AND C 
CONTENT OF FRESH AND DRIED APRICOTS' 


By Agnes Fay Morgan, Research Associate in Nutrition, Anna Field, formerly 

Research Assista^it in Fruit Products, and P. F. Nichols, Associate in Fruit 

Products, California Agricultural Experhnent Station 

INTRODUCTION 

The effect of drying on the vitamin content of fruits has been the 
subject of investigation in the laboratories of household science and 
fruit products of this station for a number of years. The A and C 
vitamins have been considered cliiefly and the fruits studied were 
peaches, prunes, and apricots. As previously reported (4) 6) ^ vitamin 
C is well retained by sulphured, dehydrated, and sun-dried fruit but is 
largely lost by the imsulphiired dried products. In apricots a mini- 
mum of 470 parts per million of sulphur dioxide in the dried product 
was found to be necessary for satisfactory preservation of the anti- 
scorbutic property. Lye dipping previous to the sulphuring was 
found to be necessary in the case of prunes in order to produce suffi- 
cient penetration of the protective sulphur dioxide to effect the preser- 
vation of the vitamin C in the dried product. 

Vitamin A was shown (5) to be well retained, 40 to 100 per cent 
usually, by dried peaches and prunes, both sulphured and unsulphured, 
and less well preserved in the dried apricots, 16 to 51 per cent. The 
dried apricots nevertheless were fairly rich in vitamin A because of 
the unusual endowment of the fresh fruit. Both sulphuring and 
dehydration were favorable to the retention of this vitamin as well 
as to that of vitamin C. 

The question was raised by Nelson and Jones ^ of the Bureau of 
Chemistry and Soils, United States Department of Agriculture, ^ as 
to the applicability of these findings to the processed sulphured dried 
fruit usually found on the market. They reported that very little 
vitamin C remained in five samples of processed and resulphured 
apricots, although the first sulphuring was found to exert a striking 
preservative effect on this vitamin. 

No detail was reported, and in a later summary {3, p, ^4) 
statement was made that — 

sulphured apricots retain their original vitamin C content remarkably well 
through commercial processing and subsequent storage, whereas dried unsul- 
phured apricots are devoid of this vitamin. However, ordinary methods of 
cooking destroy the vitamin completely, and if the practice of sulphuring is to 
be of any practical significance in the preservation of vitamin C it will be necessary 
to devise other methods of preparing the fruit for the table. 

Before the publication of these comments a series of tests had been 
begun in these laboratories designed to answer both questions raised, 
namely, (1) the effect of processing and resulphuring and (2) of cook- 
ing on the vitamins of sulphured and xmsulphured dried apricots. 


1 Received for publication Aug. 8, 1932; issued June, 1933. 

2 Reference is made by number (italic) to Literature Cited, p. 849. 

3 Nelson, E. M„ and Jones, D. B. the vitamin c content of sulphured apricots. [Unpublished. 
Title in abstracts of papers presented at Cincinnati meeting of the Amer. Chem. Soc., 1930.] 
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PREPARATION OF THE FRUIT 


The fruit was prepared as previously described (60, particular care 
being taken that the frozen fresh fruit when packed was completely 
deoxygenated by evacuation and refilling with nitrogen. Royal 
apricots from the same orchard were used in preparation of samples 
SI, S2, and S3 (Table 1) and, in preparing S4, fruit from an i^joiiiing 
orchard was used which had been harvested at the same time. As 
indicated in Table 1 the last sample was subjected to the usual 
coiniiiercial storage for at least five months and was then processed 
and resulphured according to current commercial practice. 


Table 1. — Preparation and composition of fresh and dried Royal apricots 


Treatment of fruit 

Lot 

No. 

Method of preparation 

Mois- 

ture 

Net 

shrink- 

age 

pH 

Eresh frozen 

SI 

Pitted, ground, evacuated, released 
with nitrogen twice, and sealed and 
kept at— 17° C. 

Per cent 
79.4 

Per cent 

3. 70 

Sulphured, siin-dried 

S2 

Pitted, sulphured 4 hours, sun-dried 9 
days, ground, packed in 8-ounce tin 
cans, stored at 0° C. 

17.5 

4. 01 

3.40 

Unsulpliured, sun-dried. 

S3 

Prepared as S2 but without sulphur- 
ing. 

14.7 

4,1,4 

3. 75 

Processed, sulphured, 
sun-dried. 

S4 

Prepared as S2 but held in ordinary 
storage at room temperature for 5 
months, then processed in the usual 
commercial fashion, ground, packed, 
and stored as was S2. 

24.9 

3.65 

3.50 


Siilijliur 

dioxide 

content 


Parts per 
million 


480 


1, 090 


THE COOKING PROCESS 


The cooking of the fresh apricots was carried on in approximately 
500"g lots without added water in a covered container over boiling 
water. The temperature of the fruit wms brought to 85^ C. in 15 min- 
utes and maintained there for 5 minutes, a total cooking time of 
20 minutes. The mixture W'as stirred twice during this interval 
without removing the cover. The doses of fresh fruit were weighed 
after cooking. The dried fruit was soaked in a small quantity of warm 
water for 15 minutes and was then cooked by the same method used for 
the fresh fruit. All dried-fruit doses w'ere cooked separately in order 
to eliminate variations in water content. The ground dried apricot 
cooked in this fashion is quite tender and palatable. Tl)is metliod of 
brief soaking and rapid cooking of dried fruit has recently been advo- 
cated by several workers (10) although somewdiat longer periods 
(15 to 20 minutes total cooking, 3 to 5 of which was at boiling tem- 
perature), than those used in this study were found desirable for cook- 
ing unbroken apricot halves. Part of the tests were made on dried 
fruit soaked 2)^ hours in boiling water and then cooked 15 minutes 
over the open flame. No difterence in efl:ect upon vitamin content 
was noted between this and the other methods used. 

EXPERIMENTAL RESULTS 

THE VITAMIN C TESTS 

The iiietliods used in testing for vitamin C were those previously 
described. The period of feeding was maintained at 60 days, which 
period tins laboratoy had found to be as satisfactory for vitamin 
G assay as 90 days (5). 
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Table 2.—Vita7mn C content of raw and cooked fresh apricots 


Treatment and crop 


Fresh frozen, 1930 crop.. 


Fresh frozen, 1929 crop... 


Condition 

Quan- 
tity fed 
daily 

Guinea 

pigs 

used 

Average weight of 
animals 

Aver- 
age gain 
or loss 

Aver- 
age 
length 
of pe- 
riod 

Scurvy 

score 

Initial 

Final 

Gain or 
loss 

in 

weight 
per day 


Grams 

Number 

Grams 

Grams 

Crrams 

Grams 

Days 


[Raw 

; 10 

3 

340 

304 

-36 

-0. f) 

56 

8 

Cooked- -- 


4 

343 

263 

-80 

-1.6 

49 

12 

Ra-w 

15 

4 

327 

508 

181 

3.2 

60 

0 

Cooked 


7 

359 

417 

58 

1. 1 

51 

5 

Raw' 

20 

4 

325 

488 

163 

2.8 

58 

0 

Cooked 


5 

351 

453 

102 

1 8 

56 

3 

i-_do 

30 1 

2 

352 

542 

190 

3.8 

50 

0 

/Raw 

l-_do 

15 

3 

347 

459 

112 

2.2 

51 

0 

25 

3 

324 

452 

128 

2.0 

64 

0 


and Figure 1, 15 g of the fresh raw apiicot 


175h 


As shown in Table 2 
daily afforded full pro- 
tection against scurvy 
as indicated by the 
usual autopsy findings, 
but more than 20 g of 
the cooked fresh fruit 
was needed for similar 
p r 0 1 ec t i 0 n. There 
would seem to be a 
consistent loss of anti- 
scorbutic value in this 
fruit attributable to the 
amount of cooking used 
in these tests. This 
loss is apparently 30 to 
50 per cent of the vita- 
min C activity of the 
fresh raw fruit. 

Similar cooking of the 
sulphured dried apri- 
cots, S2, brought about 
less decrease in the vita- 
min C value. The dif- 
ferences in scurvy scores 
and in rate of growth, as 
shown in Table 3 and 
Figure 2, by the animals 
fed the same dosages, 
raw and cooked, are 
considerably smaller 
than in the case of the 
fresh a p r i c o t s. The 
sulphur dioxide may 
exert its protective ef- 
fect on the vitamin 
during the cooldng as well as during the drying process. Since the 
raw, unsulphured, dried fruit, as was found in a number of cases pre-* 



20 30 40 

Time (dajs) 


Figure 1.™ Average growth curves of guinea pigs fed various ciuanti- 
ties of raw and cooked fresh apricots, SI. When one or more animals 
in a group died or was sacrificed the curve is continued as a dotted line 
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viously, is too poor in the antiscorbutic property to afford any notice- 
able protection it was not deemed worth while to make the test with 
cooked xmsulphiired dried fruit (4). 

Table 3. — Viianiin C content of raw and cooked, sulphured and unsulphtired, 

dried apricots 





Quantity 


Average weight 

P 

o 

1 





fed daily 


of animals 














° c3 

P! 













P'P 







-S 





O ^ 


Retention of 

Treatment 

Lot 

Condi- 






BK 

,9.2 

O 

vitamin C of 

and crop 

No, 

tion 

2 

"d'S 

a 



o 

03 bC 

ft 

03 ^ 

o 

a 

tn 

fresh raw fruit 
(per cent) 




n 

s 

V 

S3 £ 

cs3 

<I> 

.9 

‘3 

Initial 

P 

o 

p 

C3 ^ 

> 

be 

C3 

a 

> 

>> 

1 




ft 

W 

O 


O 



m 






1 ■ 

Num- 











Gms 

Gms 

ber 

Gms 

Gms 

Q'ms 

Gms 

Days 





/Raw 

2 

8 

4 

348 

305 

-43 

-0. 9 

49 

8 

\ 



-.do 


12 

{ t 

312 

368 

56 

0.9 

60 

5 

1 

Sulphured 

1 

Cooked - 

1 ^ 

328 

353 

25 

0.4 

56 

7 

Ir a w a n d 

sun-dried, 

' S2 

Raw 

} ^ 

16 

{ 1 

319 

428 

109 ! 

1.8 

60 

1 

) cooked, 94- 

1930 crop. 

! 

, Cooked- 

329 

420 

91 

1.5 

60 

2 

100. 


Raw 

} ^ 

20 

{ t 

314 

1 487 

173 

2.9 

60 

1 




Cooked . 

309 

444 

135 

2.2 

60 

2 

j 

After storage 

I 

Raw i 

1 5 

20 

{ 1 

328 

253 

—75 

-1.3 

60 

.8 

] R a w and 

at room tem- 

>S2 

Cooked- 

315 

257 

-58 

-1.3 

44 

9 

> cooked, 

perature for 

1 year. 

v-.do 

1 8 

32 

4 

322 

339 

17 

0.3 

57 

7 

) about 40, 

J 

Unsulphured 

1 




1 





i 



sun-dried, 
1930 crop. 

[S3 

Raw 

10 

41 

1 

310 

206 

-104 

-3.0 

34 

20 

0. 

Unsulphured 

1 












dehydrated, 
1929 crop. 

I-- 

--.do 

15 

62 

3 

353 

227 

-126 

-3.8 

33 

13 

0. 

Unsulphured 

1 












dehydrated, 

L- 

--do 

1-10 

4. 5-45 

8 

326 

230 

-96 

-3.0 

32 

20 

0. 

1928 crop. 

1 

/--do 

} ^ 


{ 1 

319 

217 

-102 

-3.3 

31 

9 




Cooked - 

7 

342 

257 

-85 

-2.0 

43 

12 




Raw 

} ® 

11 

{ i 

319 

235 

-84 

-2.5 

34 

16 

j 

Sulphured 

] 

Cooked . 

353 

267 

-86 

-2.5 

35 

12 


sun-dried, 

processed, 

S4 

Raw 

} ^ 

14 

{ 1 

329 

293 

-36 

-0.6 

53 

10 

Raw and 

Cooked . 

328 

327 

-1 

±0.0 

53 

11 

cooked, 

1930 crop. 

J 1 

Raw 

Cooked - 

} = 

IS 

{ 1 

329 

348 

352 

273 

-23 

-75 

0.3 

-1.4 

57 

54 

7 

15 

about 50. 



Raw 

} « 

29 


338 

391 

53 

0.9 

60 

4 




Cooked - 

339 

387 

48 

0.8 

60 

4 




VRaw 

10 

36 

1 

330 

437 

107 

1.8 

00 

2 



After storage at room temperature for one year the vitamin C con- 
tent of the sulphured dried fruit, S2, was tested again, both raw and 
after a longer cooking process. The fruit which had been ground and 
kept in 8-ounce tin cans, was soaked for 2K hours in three times its 
weight of water which was boiling when it was added to the fruit, and 
was then cooked over the open flame for 15 minutes. The doses 
could be measured accurately in equivalents of the raw material by 
comparing the weights of the cooked and raw fruit. As shown in 
Table 3 a considerable loss of vitamin C occurred during the long 
storage of this fruit, a loss possibly correlated with the corresponding 
loss of sulphur dioxide during storage now under investigation in the 
fruit products laboratory (<5). 

The same influences which produce oxidation of the sulphur dioxide 
may operate to oxidize the vitamin. At any rate, after storage at 
room temperature for one year or more, 5 g of the sulphured, dried 
apricots either cooked or raw did not protect the animals as nearly 
completely from scurvy as when the fruit was first tested, but appeared 
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equivalent antiscorbutically to only 2 g of the original lot. Even 8 g 
cooked provided only partial protection, about equivalent to that 
afforded by 3 g of the fruit originally tested. Thus apparently only 
40 per cent of the antiscorbutic property was retained after long 
storage. 

The sulphur dioxide content of this stored specimen was tested and 
found to be only 330 p. p. in. as compared with 480 p. p. m, when the 
fruit was first prepared. This loss of 31 per cent of the sulphur dh 
oxide may be com- 
pared with the loss of 
60 per cent of anti- 
scorbutic value. A 
further test was made 
of the sulphur dioxide 
remaining in the 
stored fruit after the 
cooking process above 
described (15 minutes 
rapid boiling over the 
open flame). It was 
found that less than 
half the quantity pres- 
ent in the raw sample 
remained, or only 160 
p. p. m., a loss of 52 
per cent due to cook- 
ing. If there is any ad- 
vantage to be gained 
by decrease in the sul- 
phur dioxide ingested 
with dried fruit this 
decrease during cook- 
ing may be looked 
upon as favorable, 
particularly since it 
seems to be accom- 
panied by no concom- 
itant loss of vitamin. 

The processed re- 
sulphured fruit, S4, 
was found to be less 
well endowed with vi- 
tamin C than the un- 
processed specimen S2, although with 8 and 10 g doses both raw and 
cooked nearly complete protection was afforded. Here again as in S2, 
shown in Figures 2 and 3 and Table 3, the cooking apparently had 
little destructive effect upon the vitamin. 

Fifteen grams of the raw fresh apricot may be considered the mini- 
mum protective dose, and 25 g a reasonable estimate of the minimum 
dose of the cooked fresh fruit. Since the equivalent of 16 g raw or 
cooked fed as S2 appears to be the minimum dose of the sulphured 
dried fruit which furnishes practically complete protection, full re- 
tention of the vitamin value of the fresh apricot is shown by both the 
raw and cooked sulphured dried product. 



Time (dajs) 

Figure 2.— Average growth curves of guinea i)igs fed various quantities 
of raw and cooked sulphured, dried apricots, S2aiid raw, unsulphured 
apricots S3 
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Since at least 8 to 10 g of the processed fruit, S4, equivalent to 29 
to 36 g fresh, must be fed to obtain a fair degree of protection, appar- 
ently one-lialf tlie orig- 
inal antiscorbutic ac- 
tivity of the fresh 
fruit is lost. The 
long storage period 
at room tempera, tiire 
to which this sample 
had been siil) j ected 
may be of more im- 
portance than the 
processing in explain- 
ing this loss, a sup- 
position borne out by 
the actual loss in both 
vitamin C and sul- 
phur dioxide observed 
in the S2 sample test- 
ed after one year in 
such storage. Stor- 
age at 0° C., the or- 
dinary practice for the 
dried fruit tested in 
this laboratory, has 
been found in the case 
of several kinds of 
fruit to permit little 
or no^ loss of either 
vitamins 0 or A. 
Freezing storage would therefore appear to be desirable for dried 
fruits in order to conserve these vitamins. 



Figure 3.-— Average growth curves of guinea pigs fed various quan- 
tities of raw and cooked processed, sulphured apricots, S4 


Table 4. — Vitamin A content of raw and cooked fresh apricots 


Treatment, crop, and water 
content 


Fresh frozen, 1930 crop, 79.4 per 
cent water. 


Fresh frozen, 1928 crop, 82.9 per 
cent water. 


Condition 

Quan- 
tity fed 
daily 

Rats 

used 

Average weight of 
animals 

Aver- 

age 

leng’t.h 

of 

{leriod 

A ver- 
age gain 
in 

weight 

per 

week 

Initial 

Final 

Gain 


Mg 

Number 

Grams 

Grams 

Crrams 

Days 

Grams 

fRaw- 

1 in 

/ 4 

73 

81 

8 

24 

2.3 

Cooked-.. 


1 6 

68 

89 

21 

45 

3.2 

i Raw 


/ 4 

72 

92 

20 

44 

3.2 

' Cooked... 

:} 25 

( 6 

77 

113 

36 

47 

5. 3 

Raw 

1 -m 

/ i2 

68 

105 

37 

55 

4. 7 

Cooked- 


1 9 

54 

89 

35 

45 

5. 4 

Raw. 

40-50 

9 

60 

no 

50 

56 

6. 3 

Cooked— - 

50 

6 

71 

133 

62 

56 

7.7 

[Raw 

25 

3 

92 

151 

59 

56 

7. 3 

do 

50 

9 

59 

131 

72 

56 

9.0 

{....do 

100 

8 

71 

148 

77 

56 

9.6 

— do 

160 

3 

68 

149 

81 

56 

10. 2 

L..-do..... 

200 

3 

79 

181 

102 

56 

12.8 
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Table 5. — Vitamin .4 content of raio and cooked, anlyhured and iinsidphured, dried 

apricots 





Quantity fed 



Average w^eight 

"o 






daily 



of animals 

ength 

od 



Treatment and 

Lot 

Condi- 


.s 






.5 © 

R f. 

Retention of 
vitamin A of 

water content 

No. 

tion 

s 

b' s 

tt) 


1 

'3 



O rv 
fcXi 

S 

ca 

fresh fruit 
(per cent) 




.2? 

g.^ 




cs 

R 

•S 

‘S 

O) 






P 




P 


o 


-d 







Afim- 










Mg 

Mg 


ber 

Gms 

Gim 

Gms 

Bays 

Gms 




Raw 

}22. 5 

90 

{ 

4 

55 

96 

41 

.50 

5. 7 


Sulphured sun- 
dried, 17.5 per 

1 

Cooked- 

10 

90 

141 

51 

.56 

6.4 


S2_. 

Raw 

|30.0 

120 

/ 

7 

87 

145 

58 

54 

7.5 

Raw, 26-41. 

cent water. 

1 

Cooked - 

1 

10 

117 

161 

44 

53 

.5.9 

Cooked, 25-33. 



Raw" 

|37. 5 

150 

1 

4 

75 

130 

55 

56 

6.9 



, Cooked - 

1 

5 

71 

143 

72 

56 

9.0 




■Raw" 

}22. 5 

93 

( 

7 

107 

134 

27 

50 

3.S 


Unsulphured sun- 

ls3.. 

Cooked- 

1 

10 

111 

132 

21 

48 

3.0 


dried, 14.7 per 

, Raw" 

}30.0 

124 

{ 

14 

102 

141 

39 

55 

4.9 

Raw, 18-24. 

cent water - 

1 

Cooked- 

10 

121 

153 

32 

46 

! 4.9 

Cooked, 9-20. 



Raw" 

|37. 5 

155 

/ 

1 

3 

91 

108 

17 

32 

i 3.8 



.Cooked. 

3 

109 

127 

18 

53 

2.4 




Raw" 

}22.5 

82 

j 

8 

106 

122 

i 16 

61 

2.2 


Processed sul- 

1 

Cooked- 

1 

7 

no 

135 

25 

i 56 

3. 1 


phured sun- 

: S4_. 

Raw" ; 

jso.o 

109 

{ 

10 

99 

1 142 

43 

55 

5.5 

R a w" , 18-29. 

dried, 24.9 per 

Cooked -1 

8 

104 

146 

42 

53 

5.6 

Cooked, 18-23, 

cent water. 

j 

Raw" 

j37.5 

137 

{ 

9 

99 

153 

54 

i 56 

6.8 



, Cooked - 

9 

105 

149 

44 

56 

,5.5 


Sulphured sun- 

1 

(Raw 

■—do 

i-do 

20.0 

25.0 

30.0 

96 

118 

143 


S 

4 

69 

109 

40 

56 

.5.0 


dried, 1928 crop, 



87 

151 

64 

1 56 

8.0 

•Raw", 17-21. 

17.5-19 per cent 
water. 



7 

69 

123 

1 

64 

j 

! 56 

6.8 


THE VITAMIN A TEST 

The methods used in testing for vitamin A were the same as have 
been previously used in this laboratory (6). The cooked doses of 
both fresh and sulphured dried fruit appeared to support somewhat 
better growth (Tables 4 and 5 and fig. 4) than did the raw. This 
may be due to better iatestinal absorption of the former, possibly 
through the destruction of the oxidases known to be present in fresh 
apricots (2) or to some other factor by which better carotene absorp- 
tion is assured, a process upon which vitamin A utilization appears 
to depend (Jf). The vitamin A value of the fresh apricots of the 1930 
crop as shown in Table 4 is somewhat lower than that found for the 
1928 crop. The sulphured dried fruit, S2, showed values (Table 5) 
quite similar to those of the corresponding 1928 sample. The proc- 
essed fruit, S4, appeared to have a slightly decreased vitamin A value 
and the unsulphured, dried apricot, S3, show^ed somewhat greater 
loss when compared with both the fresh and the sulphured dried 
products. The percentage retention by the dried samples of the 
vitamin A of the fresh fruit was calculated by comparison of the dose 
(in terms of fresh-fruit equivalent) required to provide the same 
amount of growth by the fresh and dried fruit. Thus, since a 90-mg 
equivalent of S2 raw and 30 mg of fresh raw apricot, SI,' allow an 
average weekly gain of 5.7 and 4.7 g, respectively, S2 may be said 
to retain about 33 per cent of the vitamin A activity of the fresh 
apricot. Of course such comp Prisons can be made only roughly and 
no claim is put forward for finely drawn distinctions among the per- 
centage retentions given in Table 5. Nevertheless it seems reason- 
able to assume that 26 to 41 per cent of the vitamin A is preserved in 
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the raw siilpliiired sun-dried fruit, S2, and 25 to 33. per cent in the 
cooked samples of the same lot; 16 to 28 per cent in the raw iinsiil- 
phiired dried sainple, S3, and 9 to 20 per cent of the cooked ; 18 to 38 
per cent in the raw processed sulphured fruit, vS4, and 18 to 23 per 
cent of the cooked. (The cooked fresh fruit is compared with the 
cooked dried samples and the raw fresh with the raw dried.) The 
order of decreasing retention value appears to be S2, S4, S3, for both 
raw and cooked doses as illustrated in Figure 4, and some loss due to 
cooking appears to occur in the imsulphured lot, S3. 

Attention is called to the unusually high vitamin A content of 
apricots, a characteristic undoubtedly connected with their pigmenta- 
tion by carotene. A comparison of the carotene and vitamin A values 
of these apricot samples was made and found to exhibit a close correla- 
tion (7). In terms of the Sherman and Munsell (9) units, the raw 



Time (dajs) 


Figure 4.— A verage weight increase.^ of rats fed 22.5 mg daily of raw and cooked dried apricots: Suli)hured 
sim-dried, S2; unsiilphured, sun-dried, S3; processed, sulphured, sun-dried, S4 

fresh apricots contain 18,000 units per pound, the coolved fresh apri- 
cots, 30,000 units per pound, the sulphured and unsulphured dried 
fruit about 20,000 units per pound. These values are about the same 
as those for butter, cheese, cream, and spinach and are exceeded only 
by liver, cod liver oil, and certain other liver oils. 

In terms of the international vitamin A unit recently adopted by the 
Leagues of Nations Health Organization, 0.001 mg carotene, the 
fresh apricot, Si, contains 18 to 21, S2 55 and S3, 51 units per gram (7). 
These calculations are made from the colorimetric determination of 
carotene in the samples. If the biological test for carotene be used and 
the growth value of 0.001 mg carotene in vitamin A depleted rats be 
accepted as 6 to 8 g per week for eight weeks (7) the value for the fresh 
apricots becomes 22, for the sulphured dried 33, for the imsulphured 
dried less than 33, and for the processed siilplmi'ed dried 27 units per 
gram. The corresponding figures in units per pound are close to 
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10,000 for the fresh fruit, 15,000 for S2, something less than 15,000 for 
S3, and more than 12,000 for S4. 

It seems desirable to express the vitamin A value of foods in terms 
of the international unit but as may be seen in this case it is apparently 
not yet safe to attempt to use colorimetric instead of biological 
methods for assay. 

SUMMARY 

The cooking of fresh apricots, preserved by freezing, reduced their 
vitamin C content approximately 30 to 50 per cent. Similar cooking 
of sulphured dried apricots of the same origin had less destructive 
effect upon this vitamin. It is suggested that the sulphur dioxide in 
the dried fruit may protect the vitamin C during the cooking as well 
as during the drying process. 

The unsulphured dried fruit was again found to be lacking in anti- 
scorbutic activity, but the dried sulphured product appeared to retain 
the full vitamin C value of its fresh fruit equivalent. 

Conmiercially stored, processed, and resulphured dried apricots 
were found to have lost approximately one-half the antiscorbutic 
property of the fresh fruit but to have retained the remaining vitamin 
0 throughout the cooking process. 

Storage of the sulphured fruit at room temperature in closed cans 
for one year produced a loss of 60 per cent of its vitamin C and 31 
per cent of its sulphur dioxide. Soaking this fruit in water for 2 % hours 
and then boiling it vigorously for 15 minutes made no change in its 
vitamin C content but occasioned the loss of approximately one-half 
of its remaining sulphur dioxide. 

The vitamin A value of the cooked fresh fruit was found to be 
somewhat greater than that of the corresponding raw fruit. This is 
ascribed to better intestinal utilization of the former, possibly because 
of enzyme destruction or because of better carotene absorption. 

Little change in the vitamin A value of the dried fruit samples vras 
brought about by cooking, but the losses caused by the drying process 
amounted to 59 to 74 per cent in the sulphured, 76 to 82 per cent in 
the unsulphured, and 71 to 82 per cent in the processed fruit. 

Attention is called to the extraordinarily large vitamin A content 
of both fresh and dried apricots which are equal in this respect to good 
butter, cheese, cream, and spinach. The number of international 
units of vitamin A (0.001 mg carotene) per pound is calculated to be 
about 10,000 for the fresh raw apricots and 12,000 to 15,000 for the 
dried fruit, 
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INSECTS COLLECTED ON APPLE BLOSSOMS IN WESTERN 

NEW YORK ^ 

By E. F. Phillips 

Professor of Apiculture, Department of Entomology and Limnology, New York 
(Cornell) Agricultural Experiment Station - 

INTRODUCTION 

In a study of insects in relation to the pollination of fruit blossoms 
in any district, one of the first questions which arises is how many 
and what varieties of insects are naturally available for this important 
work. It might be expected that if, in any given area, the number 
of trees in bloom at any one time is large, the number of individual 
insects per tree will be smaller than in an area with few trees, unless 
the district of large orchards happens to be one unusually suitable for 
the propagation of the species of insects which pollinate "the blossoms. 
It is recognized by horticulturists that a lack of pollinating insects 
results either in the setting of few fruits or in defective pollination, so 
that not all five parts of the apple contain seeds, and the fruit is either 
defective or drops before ripening. It is well known that in many of 
the commercial fruit areas there is a sparsity of insects. In order to 
get a more accurate picture of the insect population of one fruit area 
of New York State, collections were made in the spring of 1931 from 
apple trees in a section of Monroe County. The results of this work 
are briefly recorded in this paper. 

Monroe County, N. Y., is in about the center of the 'western New 
York fruit belt lying along the south shore of Lake Ontario. The 
part of the county in which collections were made lies in the former 
glacial-lake bed on flat land, the only variation in relief being that 
where the southeimnost orchards were located the land surface is 
slightly more rolling. The most dense areas of fruit lie nearest the 
lake, and within a mile or two of the lake there is a pronoimced retarda- 
tion of the season in spring due to the influence of the large body of 
water. This is indicated by the considerably later blooming of the 
trees in orchard A in this work. In the county apple growing pre- 
dominates, and as a rule the orchards receive excellent care. Because 
of the high valuation of the land, the amount of waste land is not 
great, but more waste land is found nearer the southernmost orchards, 
which are outside the typical fruit belt. Aside from orcharding, 
mixed farming and dairying are practiced, and near the city of 
Rochester there is considerable truck fanning. 


1 Received for publication Oct. 10, 1932; issued June, 1933, 

2 The writer is indebted to the following persons for the identification of the insects collected; The solitary 
bees, to Grace Sandhouse, of the U. S. National Museum, and the other Hymenoptera, to P, P. Babiy; 
the Diptera, to 0. A. Johannsen; the Lepidoptera, to W. T. M. Forbes; and insects of other orders 
(usually not important for pollination), to Doctor Babiy, 
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METHOD OF PROCEDUEE 

Collections^ were made in seven orchards, hereafter referred to as 
orchards A, B, C, D, E, F, and G. Honeybees were not collected, 
but all other insect visitors to apple blossoms were taken whenever 
found, whether or not they may be considered valuable in polliiia-. 
tion. Work was begun in each orchard practically as soon as any 
blossoms were open, and collection each day was begun as soon as 
insects visited the flowers and ended either wuth the oncoming of 
darkness or because of rain or some such meteorological phenomenon 
which stopped insect flights for the day. No night collections were 
made, since during the entire period the temperatures at night were 
too low for insect flight. 

Not all the collectors were able to spare time to work during tlie 
full period of apple blossoming, and changes were made in the per- 
sonnel in the several orchards from time to time. Six of the orchards 
were in bloom at one time, but the one nearest the lake (orchard A) 
came into bloom just after the trees in all the other orchards had 
dropped their petals. In orchard A collections were made for two 
days only, just after the blossoms opened, and to compensate for the 
shorter time, four collectors worked there the first day and two the 
second day, until stopped by rain. The number of hours in which 
collections were made in each orchard was not the same, and the data 
on the hours of work and the number of collectors are given later in 
this paper. The total man-hours of collecting for all seven orchards 
was 459. 

Each hour’s catch in each orchard was placed in a separate capsule, 
with a record of the locality and time. In each orchard hourly records 
were made of temperature, condition of the sky as to cloudiness, 
approximate wind velocity, and other meteorological phenomena 
wliich could be recorded without the use of instruments. It was 
thus possible in some degree to correlate the prevalence of the 
different species with conditions existing at the time of the visits to 
the blossoms. Temperatures were taken in the shade, whereas, of 
course, the insects were usually flying in the warmth of the sunshine 
when the sky was clear, but even a record of shade temperature gives 
some idea of the temperature conditions under which the insects 
visited blossoms. The estimates of the different collectors regarding 
light conditions and the degree of cloudiness were too variable to maku' 
the data useful in correlations. This is esj^ecially to be regretted 
because of the noticeable effect of sunshine on the flight of insect, s, 
especially solitary bees. 

After collection was completed the insects were pinned, and with 
each individual insect was placed a record of the time and place of its 
capture. 

BRIEF DESCRIPTION OF THE ORCHARDS 

The part of orchard A, where the most collecting was done, consists 
of 7 acres of Macintosh apple trees. Adjacent on the north are 
3 acres of Rome Beauty trees, on the south is a mixed orchard of older 
trees, and on the west is a larger orchard of older Baldwin trees. The 


3 The collections were made hy W. E. Blauvelt, F. G, Butcher, ChWung Chen, P. W. Glaassen, C. R. 
Crosby, G. F. MacLeod, W. D. Mills, W. A. Rawlins, G. H. Rea, G. W, Simpson, U. 0. WoWenbarger. 
and the author. 
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trees are in excellent vigor. The set of fruit in 1931 was rather lights 
except on trees adjacent to the Rome Beauty trees, which came into 
bloom before the petals had fallen from the*^ Macintosh trees. The 
south side of the Macintosh block bore a heavy crop in 1930, which 
may have" reduced the crop of 1931. In the Macintosh block insects 
(including honeybees) were rather scarce during the first part of the 
blooming period, although nectar was observed in the blossoms. 
Later on the honeybees were observed to be working well. Large 
branches from blossoming Oldenburg trees were placed in this orchard 
to provide pollen for the cross-pollination of the Macintosh blossoms, 
and during the two days of collection in this orchard insects were more 
abundant on these bmnches than on the trees. During the first clay a 
heavy catch of Halictus provancheri was made from one side of an 
Oldenburg tree in the old orchard to the south. There is little waste 
land near this orchard. This orchard is in the northwest corner of the 
county within sight of the lake. 

Orchard B consists of 10 acres of mixed varieties (19 in all), not 
in the best of vigor. The trees are about 20 years old. About one 
fourth of the trees did not bloom in 1931, and about half bore prac- 
tically no fruit. The set of fruit on some trees was good. Part of 
the orchard appears to be poorly drained, and there was small termi- 
nal growth. Control of injurious insects is not especially good. 
Directly across the road from tliis orchard is a neglected pear orchard 
in old sod, onty a few trees of which bore fruit in 1931. This block 
of pear trees was visited abundantly by Eristalis arbustorum, and the 
pear blossoms appeared to attract these insects more than did the- 
apple blossoms across fche road which were in bloom at the same time. 
The insects had been breeding in a polluted ditch along the roadside 
between the two orchards. There is some waste land and meadow 
land near this orchard, wliich is in the northwest corner of the county 
about 2 miles from the lake. 

Most of the collecting in orchard C was done in a block of about 
15 acres of old trees, the varieties being Baldwin, Rhode Island 
Greening, Twenty Ounce, and Oldenburg. Adjacent to the block 
of old trees is a block of about 25 acres of younger trees in wliich some 
collections were made. Drainage is poor, and insect and disease con- 
trol is not satisfactory, being attempted solely by the applications of 
dusts. The set of fruit in the old orchard was good and in the young 
orchard only fair. A few bouquets of blossoms of other varieties 
were used in this oi'chard but showed no local effect on the set of 
fruit. Surrounding these orchards are many other blocks of apple 
trees, the orchards being located in the midst of abundant plantings. 
There is little waste land, but there is a wood lot to the north of the 
young orchard. This orchard lies east of orchard B and is about 
IK miles from the lake. 

Orchard D consists of two blocks on opposite sides of the road, 
separated by cultivated fields. In one block is a solid planting of 
Northern Spy about 20 years old, in good vigor and well sprayed. 
In tliis block the blossoms were pollinated by hand and the set of 
fruit in 1931 was good, but this can not properly be attributed to 
insect visitors. Adjacent on the east is a block of woodland, and on 
the south are open fields, partly under cultivation. The other block 
consists of Baldwin trees about 50 years old, the block being somewhat 
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thinned by loss of trees. There is an adjoining wood lot on the 
west and some open fields near by. More collections were made in 
the Baldwin block than from the Northern Spy. The set of fruit 
on the Baldwin was good in 1931. This orchard lies south of orchard 
C and is about 2)4 miles from the lake. 

Orcliard E was merel}^ a row of eight apple trees along a roadside, 
south of the densely planted fruit area. The trees, which are in a. 
totally neglected condition and in poor vigor, are surrounded by 
meadows and open fields with wide fence rows. Within a mile in 
each direction there were not to exceed 25 a,pple trees and not much 
other attraction for the insects that habitually visit blossoms. This 
group of trees was selected for the purpose of comparing their con- 
dition with that of trees in the typical fruit area. These trees prob- 
ably did not produce a perfect apple in 1931. This group of trees is 
about 15 miles directly south of orchard D. 

Orchard F consists of about 5 acres of mixed varieties, interplanted. 
The trees are in good vigor and color and are xnaking good growth. 
The Northern Spy and Baldwin trees in tliis orchard did not bloom, 
but other varieties bloomed abundantly. The orchard is surroimded 
by woods, waste land, open fields, and other fields under cultivation. 
There is an old orchard of a few trees adjacent, from which collections 
were not made. Orchard F lies outside the fruit area and was selected 
for this reason. The set of fruit in 1931 was good for the varieties 
w^hich bloomed. This orchard is 2 miles south of orchard E. 

Orchard G consists of about 50 acres, about 20 acres of which 
are Rhode Island Greening, with only occasional other varieties 
interspersed. The remainder consists of interplanted Baldwin and 
Macintosh trees. The trees -woxe formerly neglected and were in poor 
vigor but have recently been brought to much better condition. This 
commercial orchard was selected because there are no other orchards 
near it, and there is considerable waste land, swamp land, and 
woodland near by. These trees bore heavily in 1930, which may 
have had some effect on the 1931 crop. This orchard was remarkable 
for the sparsity of all insects in the spring of 1931, only 32 insects 
being taken in 53 hours of collection, 3 of which are valueless for 
pollination. Honeybees were not abundant but doubtless out- 
nuinbered all other insects 100 to 1. The Baldwin trees bore a fair set 
of fruit on those trees that weie in good vigor. Tlie set on Macintosh 
and Rhode Island Gieening trees was practically nothing, except for 
a few apples on a small number of Rhode Island Greening trees wliich 
immediately adjoined some Rome Beauty trees tluit bloomed at the 
same time. This orchard is in the southeastern part of tlie county 
and outside the fruit belt. 

INSECTS COLLECTED 

^ While the weather during tlie apple-blossoming period was cold at 
night and rain interfered wdth insect flight on some days, there were 
also some days and parts of days which were excellent for insect 
flight. In general there were no unusual weather conditions during 
this season, so that the small total number of insects captured can not 
be attributed to unfavorable weather. 

The outstanding result of this work was the sinall number of 
individual insects captured. While the several orcliards diflbred 
the number of insects and in the relative abundance of different species, 
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in none of them was the insect population abundant. This applied to 
the orchards in the typical fruit area to a more marked degree than to 
those south of the fruit area, but orchard G, also south of the fruit 
belt, was the least well provided with wild insects. 

In the 459 man-hours of collection only 3,555 individuals were 
taken, an average of only 7,75 insects per man per hour. The iiiimber 
of identified species of insects is 145, but a number of specimens were 
taken for which specific determinations are not now available. This 
may be considered as a fah representation of the number of species 
but not of _ the number of individual insects. During many hours of 
the collecting period it was impossible to find a single insect on the 
apple blossoms, their absence being due either to cool weather, lack 
of sunshine, or to the scarcity of the insects. Although this was the 
first year in which systematic collections were undertaken in Monroe 
County, yet from the casual observations of earlier years and from 
the general experience of those who have visited these orchards, the 
small number of insects collected is not surprising. 

The most abundant wild insects visiting apple blossoms were flies 
(Diptera) and solitary bees (Hymenoptera). In the collections of 1931 
the Diptera somewhat outnumbered the Hymenoptera, as will be 
seen from the tables which follow. In addition, some Lepidoptera 
were taken, chiefly of one species, and there were also some Cole- 
optera and other insects which play little, if any, part in pollination. 
The Lepidoptera, Coleoptera, Hemiptera, and Neiiroptera are not 
here recorded. While probably all the Hymenoptera, with the excep- 
tion of the wasps, are helpful in pollination, this is not true of all the 
Diptera. Some of the smaller flies can not be considered as valuable 
for pollination. Of the 2,056 Diptera captured, probably at least 200 
individuals are too small to be of much value to the fruit grower. 

DIPTERA 

In Table 1 are listed all Diptera captured, and for each species is given 
the number of individuals taken in each orchard. The prevalence of 
Eristalis arhustorum has already been mentioned in the description of 
orchard B. A considerable number of individuals of this species are 
listed in the table under ‘'Miscellaneous,’’ these being the flies taken 
in the pear orchard across the road from orchard B. If individuals of 
Eristalis had been taken as often as possible, the number for orchard B 
would have been many times as great, but for most of the collecting 
period an effort was made to find other species. 


Table 1. — Diptera collected and frequency of each species j hy orchards 


Species and sex 

Frequency of each species by orchards 
indicated 

Mis- 

cella- 

neous 

Total 

A 

B 

C 

D 

E 

F 

I 

1 G 

I .. 


1 



3 


5 



9 

f^(tmpf.ncladinx byxftinus _ . 



i 


1 

7 


I' ■: 

9 

sp , fATnalfiS _ „ 



2 

1 





3 

nficntapiiR hicAmetiLR __ 





1 




1 

fJrit'.ntnpuji trifaiicirtfMa _ 






1 



1 

7'anytarxiiff sp . _ . 



1 


2' ^ 

1 i 



4 

nhirn'nnmi/Jt ah^rTfinsij ffimalftR ^ ^ 





,2 

5 ' 



'7' 

dhirnnnvp.^iji sp,, fftTTifilAS .. 

4 


8 

i 


33 



46 

dhirnnfim.'iiJt _ .. __ 



2 



18 



20 

<lMTnnnp),uk fipj) 



5 

"'“T: 

4 

3 



16 

iSfIn.rn. sp., fftmalAS . ^ 



6 


■ n 

15 



22 

Sdara sp., males - 



1 

i-— 


1 



■ 2 
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Table 1.— Dipier a collected and frequency of each species, by orchards — Continued 


Species and sex 

Frequency of each species by orchards 
indicated 

Mis- 

cella- 

leous 

Total 

A 

B 

C 

T> 

E 

E 

G 


4 

1 

1 


1 





Scatopsa 7iotata - 


1 







1 




2 

2 

1 

2 



7 







1 



1 







3 



3 

Mhamphomyia spp 




1 

6 




7 


2 

2 

1 






5 

Toxometus marginatus, males .. 



1 






1 

Pipiza pisiicoides 



1 



1 

1 


3 

Platychirus hyperboreus, females 





1 




1 

Platycfiirus hyperboreuSy males 




1 





1 

Plaiychirus peltatus, males 







1 


1 

Melanostoma mellinu7n, females - 





1 

2 



3 

Mekmostomu obscurum, females 

9 


3 

18 


4 



27 

Melanosto'nKL obscuTum, males 




2 





2 



2 

10 

2 

5 

1 



20 

Syrplms, americarms, males 

1 

1 







2 

Syrph'iis arcuatus, feriiales-_ 



1 

1 


1 



3 

Syrphus arcuatus, males 



1 



1 



2 

Syrphus ribesii females 

2 


9 

3 

3 

5 

1 

1 

24 

Syrphus ribesii, males 




2 





2 

Syrphus toruus, females-.- 

1 

4 

16 

7 

4 

6 

3 

1 

42 

Sgrphus torvus, males 


1 

12 

15 

3 

7 

1 


39 

Allograpta obligua, females 

2 

1 

1 

2 

1 




7 

Sphderophoria cylindrica, females.- 

4 

7 

12 

6 

2 

19 

2 

1 

53 

Sphaerophoria cylindrica, males 

10 

6 

15 

6 


21 


4 

62 

Eristalis arbustdrum, females 

9 

172 

80 

6 

2 

10 

1 

151 

431 

Eristalis arbustorum, males 

15 

111 

65 

15 


5 


102 

313 

Eristalis bastardi 

2 


5 

1 





8 



1 

2 

2 


3 

1 


9 

Eristalis flavipes- 

3 



2 





5 

Eristalis ienax 

5 

2 

3 


1 

2 


1 

14 

Helophilus hamatus, females 

1 





1 


2 

lielophilus svrnilis, females. 


2 

1 

2 




2 

7 

Syritta pipiens, females 



1 



1 



2 

Syritta pipiens, males 



2 



1 



3 

Criorhina verbosa, females 






1 



1 

Myopa vesiculosa 





2 

1 



3 

Tachinidae spp 

1 

1 

10 

2 

17 

9 

1 


41 

Sarcophaga sp 

1 

3 

10 

2 

10 

11 


1 

. 38 

Phnrmia regina . 





4 

15 



19 

Protophormia terrae-novae - 





1 



1 

Cyanomyia cadaver ina..~ 

2 


1 


1 

1 



5 

Calliphora vomitoria 



1 

1 

1 

3 



6 

Lucilia caesar 

3 

1 

1 

1 

1 





Lucilia sericatu-^^ 

2 



2 

1 

2 



-7 

PoUenia rudis- 

1 

1 

44 

6 

13 

34 

1 

"' 2 ” 

102 

CryptolucilUi caesar ion. ^ _ „ 



1 

1 


1 



3 

Pyrellia cyanicolor 




3 

1 

17 



21 

JSiorellia niicans. . - . 



1 


5 

6 



12 

Muscina assimilis. 





1 


i 


2 

Muscina stabulans 



2 

1 

9 

3 



15 

Myospila meditabunda 


i~ 

2 


lO 

4 



17 

Pannia canicukiris, fBUisiXQS _ 



7 


2 

9 



18 

Pannia canicularis, males 


3 

34 


1 

10 


1 

30 

JJylernyia brasskae, males 

...... 

5 

47 


5 



1 

72 

Hylemyia calicrura, males 

5 

5 

17 

9 

<) 

32 

'”"” 2 " 

2 

81 

liylemyia sp., females. 

5 

3 

81 

22 

15 

35 

4 

9 

174 

Hylemyia sp., males - 

3 


21 

3 

3 

11 


.4 

46 

Pegomyia a fflnis, xnules _ 






1 


' 1 

Scatophaga furcata, females 



2 



1 


"”"i" 

5 

Scatophaga furcata, males 




3 





3 

Scatophaga stercoraria, females 



4 






0 

Scatophaga stercoraria, males 



4 

2 

2 

1 


1 

10 

Sphaerocera pusilla 





1 




1 

Sphaerocera subsultans .... 






7 



7 

Leptocera sp - 






,, 2 



2 

JLonchaea polita. 

1 


3 



1 


1 

6 

Sepsis pectoralis 



2 



1 


3 

Sepsis sp., females.---.— 



3 



1 



■■ 4 

Nemopoda cylindrica - - ^ . 






3 



3 

PiophUasp 



1 


3 



2 

6 

Chloropisca glabra 









2 

Crassiseta costata 









' 5 

Botanobia nitidissima 






2 



2 

Pf allochklla glabra — 



3 


— 

6 



10 








“ “ 


Total 

95 

337 

663 

169 

161 

430 

22 

289 

2,056 
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Of the Dipthera found on apple blossoms the syrphid flies (Syr- 
phidae) are most valuable, and 1,095 individuals of this family are 
included in the collection. These flies are faiiiv well distributed in 
the different orchards, except in orchard E and in orchard G in 
which, as already mentioned, there was a general lack of all insects. 

No effort has been made to list the Diptera according to the time of 
day and temperature conditions at the time of capture, as is done 
later for the solitary bees. Flies may be taken for many more hours 
of the day than solitary bees, because the flies do not return to nests 
at night or during inclement weather. At cool or cold temperatures 
they are harder to find and are inactive; so that while they may often 
be taken at lower temperatures, this does not imply effective work in 
pollination except at temperatures suitable for flight. It was noted in 
orchard B that Eristalis abandoned the blossoms when the wind wns 
rather strong and was not often seen at the lower temperatures which 
occurred during the blooming period. 

HYMENOPTERA. 

For the solitary bees, which are often so important in the pollina- 
tion of fruit blossoms, certain additional information is of interest. 
During the progress of collecting, it was noticed that the solitary 
bees ceased their visits to the blossoms rather early in the day, not 
being taken abundantly after about 3 p. m. Data for each species 
of the two more important genera, Halictus and Andrena, showing 
the distribution by orchards (as for the Diptera), the lowest tempera- 
ture at which captures were made, and the latest hour of the day when 
they were caught the average temperature, and time are given in 
Tames 2 to 5. The tables show that Halictus stops work earlier 
than does Andrena, perhaps because of the smaller body size of the 
individual bees of the genus Halictus. It was found as the work 
proceeded that in late afternoon only the larger bees were to be seen. 


Table 2. — Insects of the genus Halictus collected and frequency of each species by 

orchards 


Species of Halictus 

Frequency of eacli species hj orchards 
indicated 

t 

Mis- 
1 cella- 

Total 

A' 

B 

C 

I> 

E 

F 

G 

neous 



1 


1 


1 

13 



15 

brycinci~ 

3 

5 

3 

1 

10 

3 


2 

' 27 





1 



1 



3 

3 

2 

5 

6 


1 

20 





1 



1 

leTOuxiu ~ - 

6 

9 

4 

8 

8 

, 25 


2 

62 

lineatulus„ 

3 


2 

15 

31 

■ 11 

1 


■ '63 

mibjf.in 




2 





2' 

p.ymphn.fi.arum . . 

1 


1 


1 

2 



. 5 

OhSCUTUS „ 





15 



15 

pUn.Hy.R ___ _ 


1 




2, 


3 

provancheri- 

88 

14 

20 

1 10 

99 

34 


3 

268 

qii£bp.rJM.UR _ 


1 



^ 1 

i^paraus _ ^___ 



2 

5 


6 



13 

versatus^ „ » 

1 


1 

4 

12 

6 



24 

( nhf.firdfAcf.lift) Rp, ^ _ __ ____ _________ _ _ 

2 

1 

2 

8 

8 

7 


1 

29 







Total-.------— 

104 

33 

39 

56 

176 

130 

3 

9 

649 
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Table 3. — Temperature and time data in regard to the collecting of the genus Halictus 


1 

Species of Halictus 

Temperature 

Last hour 

Hour when 
most 
abundant 

Average 
time col- 
lected 

Lowest 

Average 

j collected » 


° F. 

59 

° F. 

70 

1. 30 p. m. 

1. 30 p. m. 

12. 00 in. 


52 

66 

1. 00 p. m. 
12. 30 p. m. 
3. 30 p. m. 
12. 00 m. 

12. 00 m. 

10. 30 a. m. 


71 



coriaceus - 

55 

65 

10. 00 a. m. 

11. 30 a. m. 

tlwe.rtjMlis . 

66 



lerouxii __ 

55 

69 

3. 30 p. m. 
2. 00 p. m. 
2. 00 p. m. 
2. 00 p. m. 

10. 30 a. m. 

1. 00 p. m. 

11 . 30 a. m. 

lineatulus 

60 

67 

1 . 00 p. m. 

12 . 00 m. 


68 




inijiii'phn(‘nr'ti.7n 

59 




ohscUTUS 

63 

69 

8. 30 a. m. 

9. 15 a. in. 

pi/OKIIff 

57 

2. 00 p. m. 

4. 30 p.m. 

2.30 p. m. 
2. 30 p. m. 

2. 00 p. m. 

3. 00 p. m. 

provancheri _ 

48 

73 

10. 00 a. m. 

11 . 00 a. m. 

fjufibarf.naift _ _ 

S3 

Kparsus 

65 

70 

2. 00 p. m. 

12. 30 p. m. 

Kfirantiis 

60 

66 

10. 00 a. m. 

11. 15 a. m. 

(Ohfornliclufi) sp _ 

52 






Collections were kept separate hour by hour. The time indicated is the beginning of the hour. The 
hours of cellecting began either on the even hour or the half hour. 

^ This bee was collected at an air temperature of 83° F., with bright sunshine. Omitting this individual, 
the last hour of collection for this species was 2.30 p. m. 


Table 4. — Insects of the genus Andrena collected and frequency of each species by 

orchards 


Species of Andrena and se.v 

Frequency of each species by orchards 
indicated 

Mis- 

cella- 

neous 

Total 

A 

B 

C 

D 

E 

E 

G 

cdrlinif females - 


1 

1 

11 

23 

38 



74 

carlini, males - 


1 

7 

3 

1 

3 



15 

claytoniae, females 





1 

4 



5 

claytoniae, males.-.. 



1 

1 





2 

crataegi, females 






2 



2 

CTataegi\mQXQS 






15 



15 

cornodai 





1 

2 



3 

flavoclypeata, females.. 


1 


18 

9 

32 



60 

‘flamclypeata, males 






2 


1 

3 

’forbesi] females 


1 

2 

15 

28 

18 



64 

Yorbesi, males 

1 


6 

12 

2 

2 



23 

hippotes, females 

2 

17 

9 

10 

16 

18 



72 

hfppotes, males. 

1 


2 

14 

2 

4 


1 

26 

mandibutans, females 


T 


9 

4 

17 



31 

mandibuiariSf maXe ... . 






j 



1 

mUimukeensis 




31 





31 

multiphcata 


1 


3 




1 


nivalis, females.. 






5 



5 

mvalis, males 

1 


.. 

' 14 ' 


3 



22 

penonata, female 



! 

1 





1 

placida, females .. .. 

1 



3 

1 


2 


11 

rugosa, females... 

_ ■ 1 



4 

1 

1 



6 

ritgosa, male 




1 





1 

vestita, females 




1 

10 

22 



33 

vestita, males 

3 


1 

3 

5 

20 



32 

tJidna, females 


! i" 


S 

18 

12 



40 

wdna, males 



3 

2 


2 



7 



6 

5 

3 

1 

1 

4 



20 

Andrena spp„ 



2 

3 

1 

4 



10 










Total,... 

15 

32 

40 

168 

124 

235 

3 

3 

620 
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Table b.—Teinperat ure and time data in regard to the collecting of the genus Andrena 


Species of Andrena and sex 

Temperature 

Last hour 

Hour when 

Average 

Lowest 

Average 

collected “ 

most 

abundant 

time col- 
lected 

carlini, females - „ 

op 

‘48 

53 

°F. 

64 

61 

4.30 p.m. 
2.00 1 ), in. 

1.30 p.m. 

12.00 p.m. 
12.30 p.in. 

2.00 p.m. 

3.00 p.m. 
3.00 p.m. 

1.00 p.m. 
10.00 a. m. 

12.30 p.m. 
11.00 a. in, 

carlini, males „ , 

claytoniaef females 

60 

claytoniae, males 

60 




crataegi, females - 

66 




crataegi, males 

59 

67 

10.00 a. m. 

11.00 a.rn. 

coinoda 

59 

fiavoclypeata, females-- 

59 

68 

1.00 p.m. 

11.45 a. m. 

'flavoclypeata, males 

66 



49 

65 
64 

66 
63 

3.00 p.m. 

2.00 p.m. 

3.00 p.m. 

2.00 p.m. 

3.00 p.m. 
8.30 p.m. 

4.00 p.m. 
10,00 a, in. 

12.00 m. 

2.00 p.m. 

1.00 p.m, 

2.00 p.m. 

10.00 a. m. 

12.00 m. 
12.00 m. 
11.30 a.m. 
11.20 a. 111 . 
11.45 a.m. 

foTbesi, males 

56 

hippotes, females _ _ 

46 

hippotes, males - - 

54 

mandibuldris, females - - 

57 

67 

ma,7idibulaTis, male 

67 

milwdukcensis 

61 

66 

2.00 p.m. 

1.25 p.m. 

inultvplicdtd 

62 

nwdlis, females 

58 


4.30 p.m. 

2.00 p.in. 

1.00 p.m. 

2.00 p.m. 

4.30 p.m. 

1.00 p.m. 

2.30 p.m. 

2.00 p.m. 

2.30 p.m. 

4.30 p.m. 

3.30 p.m. 
2.00 p.m. 



nivdlis, males 

54 

62 

9.00 a.m. 

11.15 a. m. 

persondta, female 

69 

pldcida, females 

63 




Tugosd, females - - 

60 




Tugosd, male - - 

59 




vcstitd, females - 

48 

67 

10.30 a. in. 

11.00 a. m. 
10.30 a.m. 

12.00 noon, 

VBstitd, males.- 

60 

69 

10.00 a. III. 

vicindf females... 

48 

63 

1.00 p.m. 

vicind, males. 

54 

wiLkalld - 

54 

75 

10.00 a. m. 

11.00 a. m. 

Andreiid spp-_-__ - 

55 






« Collections were kept separate hour by hour. The time indicated is the beginning of the hour. The 
hours of collecting began either on the even hour or the half hour. 


An outstanding difference between species of Halictus and Andrena, 
in comparison with the Diptera, is the fact that the solitary bees 
build nests and return to them not only to supply the nests with food 
but also for shelter at night and in bad weather. This doubtless 
accounts for their absence from the orchards in cold weather and in 
late afternoon. 

A separate tabulation is made for the eight species of buniblebees 
(119 individuals) taken. (Table 6.) The fact that eight species 
were taken indicates that the catch was fairly representative. At 
the time of apple blossoming, only queen bumblebees are to be found, 
for it is at just this time of year that the queens are seeking locations 
for their nests or are constructing the very beginnings of the nests. 
Several queen bumblebees were seen searching for nesting places 
while this work was under way. Because of the noise which they 
make when they fly, bumblebees usually receive credit for more 
effective work in orchards than seems to be due them. Not only 
a, re they not abundant at this season, but they often conie darting 
into an orchard, visit two or three flowers, and then depart. Because 
of their methods of work, they are unusually effective in pollinating 
those blossoms that they visit. While bumblebees are credited with 
a fair degree of constancy in their visits to a single species on one trip, 
their wide range of flight would seem to reduce their value to the fruit 
grower. The noise which bumblebee queens made as they entered 
tlie orch.,ards wl.)m*e collections were being made may have a-ttracted 
the attention of the collectors and caused a larger nuinber to be taken. 
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There was in fact some rivalry among the collectors as to which could 
capture the most bumblebee queens, so that the number is doubtless 
a, little large for these species. 

Table 6. — Solitary bees in genera other than Halicius and Andrena^ hunddebeeSj 
and Hymenoptera other than solitary bees and bumblebees collected and Jreguency 
of each species by orchards 


OTHER SOLITARY BEES 


Species 

Erequency of each species by orchards 
indicated 

Mis- 

cellar 

neous 

Total 

A. 

B 

C 

D 

E 

F 

0- 

AfjapostBJiion (Halictus) radintus--.^- 

1 

1 

1 







2 

13 

21 

1 

1 

1 

1 

4 

5 
5 

11 




5 

IG 

7 

3 





1 

1 

; 




1 

1 

Ccrati na dupla 








Colletesf InaeQualis ’ 





1 



Nomada obliterata 

1 


. 





Osftiia (itTwentTis - 


2 

1 

3 

1 



2 



OsjJiia li(}%a'Tui^ . _ - - 

1 


■"T 

1 

1 


OsmJn pu/mil/i 


1 

1 


Stphecodes ranunculi 

2 

2 

5 



Total-- 




f) 

5 

8 

7 

22 

15 

1 

1 

05 

Total for all solitary bees 

125 

70 

87 

231 

321 

379 

7 

13 

1, 233 


BUMBLEBEES 


Bonibus affinis^ 







1 


1 

Bombus binidculatus - _ 


1 


2 

4 




7 

Bonibus fenidus 

2 

4 

2 

3 

5 

2 



18 

Bojnbus impntiens 

1 

5 

5 

13 

2 

14 


1 

41 



2 

1 

5 


12 



20 

Bovibus Urnarius 






1 



1 

Bonibus terricola - 


4 

3 

4 

2 

5 

1 


19 

Bonibus vacjans - 

2 


2 ! 

4 

1 

2 


1 

12 











Total.. 

5 

16 

13 

31 1 

14 

36 

2 

2 

119 


MISCELLANEOUS HA^MENOPTERA 


Ophion bilvncatuni 






1 


j 

2 

o 

Bphialtes sp-- .. 


1 

3 






4 

Amblyteles atrox (?) 


1 ' 






1 

A nihly teles sp.. - 



1 



1 



2 

Chrysis cocrulans (?).. 




1 





1 

PolUtes pallipes ^ _ 


1 






1 

Vespa (Dolkhovespula) diabolica^ 


1 

2 



I i ' 



4 

Vespa (l^espula) macuUfro'ns 


1 

...... 





3 

Xylocopa inrginica 



1 






: 4 










Total — — 


3 

9 

2 

1 

2 


2 

22 


Tabulations are also made of solitary bees other than those of the 
two genera Halictus and Andrena and for Hymenoptera other than 
the solitary bees (Table 6), but in these cases records by orchards 
and totals are given without records of temperatures. 

PREVALENCE OF HONEYBEES 

While honeybees were not collected, except in a few cases when 
mistaken for Andrena on high blossoms, some impression as to their 
prevalence in comparison with other insects was unavoidable. In 
orchard A, seven colonies of bees, maintained for pollination purposes, 
were located in or immediately adjacent to the orchard. some 
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reason during the two days when collections were being made in 
this orchard, the honeybees from these colonies were working more 
in a, clierry orchard a little over a quarter of a mile away than the}^ 
were on tlie Macintosh apple tpes, which were just coming into full 
bloom. Later, after the collection of other insects was discontinued, 
the lioneybees worked well on the apple blossoms. In orchard C a 
few weak colonies of bees had been placed; in orchard D there was 
one colony of bees ; and near orchard F, almost directly across the 
road, was a small apiary, and honeybees were observed 'flying freely 
to and from these^ hives to the trees of the orchard. In the other 
orchards no provision had been made to supply honeybees, but a bee 
tree was discovered not far from orchard B, the colony appearing not 
to be strong. 

The general impression was that in all the orchards honeybees out- 
numbered all other insects combined at least 3 to 1. In orchard G, 
noted for the scarcity of wild insects in 1931, the ratio was easih?- 
100 to 1. Honeybees, it may be said, are more valuable in the orchards 
where these collections were made than all the wild insects together. 
This appears also to be true for the western New Yoik fruit belt as a 
whole, based on more casual observations. 

The honeybees worked earlier in the morning and later in the after- 
noon than did the wild bees, but bumblebee queens were often 
observed or captured at temperatures too low for honeybee flight. 
Bumblebee queens flew both early and late and were usually about the 
last insects to be seen each day. Honeybees were considerably more 
abundant in the middle of each day, at which time bumblebees 
appeared to be less prevalent. 

THE POSSIBILITY OF INCREASING THE WILD SPECIES 

It seems probable that the scarcity of wild insects on apple blos- 
soms is due to a combination of factors incident to the agriculture of 
the fruit districts. The relatively high land values tend to reduce 
waste land and wood lots and also tend to eliminate the wide fence 
rows which are favored nesting places for some species. Cultivation 
reduces nesting and hibernating places, especially of solitary bees. 
Clean cultivation of orchards, where practiced, still further reduces 
the opportunities for the propagation of wild bees. It is possible that 
the efforts of fruit growers to control injurious insects in some degree 
serves to destroy individuals of those species which are beneficial. 
Beekeepers have observed that dusting destroys many honeybees, and 
it is probably equally disastrous to solitary bees. 

The question naturally arises whether it would be feasible to make 
an effort to provide better conditions for wild insects. For the 
Hymenoptera this does not seem possible in any way that would make 
a practical appeal to fruit growers. For one species of iij {Eristalis 
arbustorum) already mentioned, there appears to be at least a possibil- 
ity of increasing the number, as is suggested by the abundance of these 
insects from the roadside ditch near orchard B. These insects breed 
in polluted water which is not too deep, and which contains an abun- 
dant supply of food for the rat-tailed maggots constituting the larval 
stage of the species. It might be possible to increase the number of 
these insects by providing suitable breeding places far enotigh froin 
residences as not to be offensive, A small preliminary experiment of 
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thirJ kinti wjis r-ariied out during the summer of 1931, and toward the 
lio^e ijf the season iiianj puparia were in the adjacent soil. There are 
no results of value yet to be reported. Maggots of this species of fly 
are sometimes present by the millions in slow-flowing small streams or 
ditches polluted b}" cannery or milk w'astes,'* especially those with mud 
bottoms. Within the area of the fruit belt of western New York 
there are niimeroiis canneries from which such waste might originate, 
but only one of the orchards (orchard D ) from which collections were 
made was within flight range of such a cannery, and in this orchard 
Eristalis was not abundant. 

CONCLUSIONS 

The sparsity of the population of wild insects in seven orchards in 
Monroe County, N.Y., w^here collections w'cre made, is striking, but 
not surprising after some years of casual observations. 

On the basis of the observations made, honeybees outnumbered all 
other insects. 

There seems to be nothing that a fruit growler or group of fruit 
growlers may do in a practical w^ay to increase the population of wild 
insects, with the possible exception of certain syrphid flies. 


* CLAASSEN, P. W. biological studies of polluted areas in the GENESEE RIVER SYSTEM. In N.Y 
State Conserv. Dept. Sup. to Ann. Kept, (1926) 16, A Biological Survey of the Genesee Eiver System 
p. SS-46, iiius, 1927. 



ECONOMIC STATUS OP THE GREEN STINKBUG WITH 
REFERENCE TO THE SUCCESSION OF ITS WILD HOSTS ' 

By W. J- ScHOENE, Entomologist, and G. W. Underhill, Associate Entomologist, 
Entomology Department, Virginia Agricultural Experiment Station 

INTRODUCTION 

There are frequent records of injury by the green stinkbug, Acro- 
sternum hilaris Say, to many species of plants. Green bean pods, 
bolls of cotton,^ the fruit of tomato,^ and the fruit of both peaches ^ 
and grapes ^ are often attacked. Serious injury is generally local and 
somewhat periodic. Studies made in Virginia during the past seven 
seasons indicate that the insect has a distinct preference for certain 
native hosts and that the abundance of the insect depends on the 
presence of these plants. Injury to economic crops usually does not 
occur unless some of the wild plants fail to supply food. In a study 
of some of the causal factors involved in serious injury to Lima beans, 
the crop that has suffered most commonly in this state, the follow- 
ing conclusions have been reached: (1) Wild or uncultivated bushes 
and trees are naturally preferred; (2) a succession of hosts appears to 
be necessary for the insect to maintain itself in numbers; (3) culti- 
vated crops are apparently damaged only when the wild-host suc- 
cession is broken; and (4) severe injury to Lima beans is closely asso- 
ciated with a fungous disease organism.® 

The studies on this pest were made in a farming section about 8 
miles north of Richmond, Va. Clumps of trees occur here and there 
on the farms, and there are numerous tracts of timber. The section 
is partly bounded by the Chickahominy Swamp, which supports a 
dense thicket of native trees and bushes. A commercial nursery farm 
is located in this section. The fields are used for the cultivation of 
nursery stock and general farm crops, and there are a number of 
home gardens and home orchards. Practically all the native and 
cultivated plants of this section are found in this locality, and the 
bugs therefore had an opportunity to select the food preferred. Dur- 
ing the period of time covered by these studies it was possible occa- 
sionally to make collections in other parts of the State and to visit 
farms where serious damage had been reported. 

HOST PREFERENCES 

In Figure 1 some of the host plants are listed. The adult bugs are 
occasionally found on mulberry , and blackberry in early summer. 
The other host plants are arranged in the order of apparent prefer- 
ence. The relative rank may vary somewhat for different seasons and 


1 Received for publication Dee. 23, 1932; issued June, 1933, 

2 Sanderson, E. D. report on miscellaneous cotton insects in Texas. U. S. Dept. Agr., Bur. 
Ent. Bui. 57:47-49, Ulus, 1906. 

3 Morrill, a. W. plant-bugs injurious to cotton bolls. XJ. S. Dept. Agr., Bur. Ent. Bui. 86: 78-82, 
Ulus. 1910. 

^Whitmarsh, R. D. THE green soldier BUG (NEZARA hilaris). Ohio Agr. Expt. Sta. Bui. 310, p. 
519-552, Ulus. 1917. 

s Stoner, D. the scutelleroidea op iowa. Iowa XJniv. Studies Nat. Hist. 8(4); 109. 1920. 

®WlNGARD, S. A. studies ON THE PATHOGENICITY, MORPHOLOGY, AND CYTOLOGY OP NEMATOSPORA 
PHASEOLi. Bul. Torrey Bot. Club 52:249-290, Ulus. 1925. 
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localities. Wliile this insect feeds on a number of plants there are 
only a few preferred breeding hosts, and not all of these supply food 
during tlie main breeding period of adults and tlirouglioiit the develop- 
ineiit ’"'period of the nymphs. Nearly all adults, eggs, and nymphs 
collected were on iiiiierican elder {Sambucus canadensis L.), black or 
common locust (Robinia pseudoacada L.), and iioneylocust 
truicanthm L.), three imcultiyated hosts. Only two of these are sea- 
sonally well adapted to serve as hosts, namely, elder and honeylocust. 
Our studies indicate that the insect does not build up a large popula- 
tion when it is dependent on either of these plants. The former has 
the most regular fruiting habit, but farmers often destroy or cut this 
plant back to the ground; therefore, for one season at least, food is 
not available. However, sprouts generally come up and some berries 
are borne the first season, and an abundance of fruit the second year. 
Fiirtliermore, where left undisturbed, other more hardy plants and 
vines tend to crowd out the elder in the course of a few seasons. The 
hoiieylociist is well adapted to serve as a host, but in 1929 and 1931 

30Me/r0Sr3 APRH may JUNE JULY AU6. sept OCT NOV. 

MULBEP8Y 
BLACKBEPPY 
BLACK LOCUST 
- ELDEP 

HOmYLOCUST 
LINDEN 
WLD CHEPPY 
miMOSA 
PEDBUD 
DOeWOOD 
BOXELDEP 
HOLLY 

LIMA BEAN.POiE 
UmB£AN.mSH 


, Fiou'EE 1. — ■Prluel'iial host plants of the green stinkbug and periods during which the seed pods and 
the fruit are in suitable condition for foci-d as related to the main feeding ijeriod of the bug 

it had no fruit in this locality. It appears that this tree frequently 
fails to bear fruit. Wild or black cherry {Primus serotina Ehrh.) and 
flov'ering dogwood iCornmflorida L.) are natural breeding hosts with 
fruiting habits that fit in well with the feeding period of the insect, 
but heavy mfestation has not been observed on either of these species. 
Many American holly trees (Ihx opaca Aitf occur in this locality. 
The insect feeds on the berries, but it has been collected on holly only 
at rare intervals. 

It may be noted from Figure 1 that several preferred breeding 
hosts have fruit suitable for food only a part of the season. For 
instance, Hack locust is a favorite host, but the pods ripen and dry 
by early August, about the time the earliest nymphs mature. The 
same is true of the American linden (TiZia americana L.) and Ameri- 
can redbud {Cercls canadensis lu.) both among the preferred hosts. 
The nymphs perish Unless food is supplied the remainder of the 
period by other plants sxich as : honeylocust, nmnosa:( Acacia a/ngus- 
tismma (Mill.) Ktze., ybxp Mrta -(Nutt.)), do.gwood, holly, grape 
{Vitis spf, peaches .(Pfmas persica (L.) Stakes);/ .or beans located 
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near enough for the nymphs to reach them by crawling. Hence, 
not many insects, as a rule, are found where such trees as black 
locust, redbud, or linden grow alone or together. 

Lima beans (Phaseolus lunatus macrocarpus L.) are the preferred 
cultivated host, the pole varieties being more subject to attack than 
the bush types; however, in the trucking and canning sections where 
Lima beans are grown extensively, serious injury has not been 
observed. In most cases \vhere bean fields were examined the insect 
was not found. 

IMPORTANCE OF A SUCCESSION OF HOSTS 

It appears that a sequence of wild plants in close proximity is 
necessary for this insect to maintain itself. Increase in numbers is 
impossible without such succession. One species of plants, though 
numerous, is not enough. Two, three, or four species growing rela- 
tively close together, or intermixed, appear to be essential. There are 
several reasons for this: (1) N 3 unphs are largely dependent on young 
or immature fruit or pods, and these are much preferred by the adults; 
(2) the main period during which nymphs are present continues 
about 12 weeks; and (3) the food supply is often cut short by un- 
favorable weather or other causes. Ideal conditions are approached 
where a succession of hosts exists to meet the essential needs of the 
adults, and to cover the development of all the n^miphs. An excellent 
natural combination or succession appears to be black locust, honey- 
locust, and mimosa. This combination existed at the nursery in 
the section studied. Another succession favorable to the insect is 
found where either black locust, linden, or boxelder {Acer negundo 
L.) occur alone or together near grapes or growing green beans. 

ATTACK ON ECONOMIC CROPS 

Instances where farm or garden crops have been severely damaged 
so far as observed in Virginia, occurred where the host succession 
was incomplete or broken and the cidtivated crop happened to be 
near and in condition to furnish the needed food. Usually the attack 
was made in August wdien nymphs migrated to the near-by crop 
from some wild host which had ceased to furnish food. Two instances 
of particularly severe attacks on Lima beans in the southeiii part 
of the State are given as examples. At Disputanta in 1928 practi- 
cally all the beans in a home garden were ruined soon after the middle 
of August, Near by were four large linden trees. Food on lindens 
became exhausted, and the nymphs migrated to the Lima beans 
and grapes. In 1929 the Lima beans were planted a few hundred 
feet distant from the linden trees and were not attacked, although 
the trees were infested and a migration of nymphs occurred as in 
the previous season. Grapes and sweet peppers in the garden were 
severely attacked. There was a distinct migration each year. At 
Drewryville, Lima beans were ruined in one garden in 1929. Ap- 
parently this occurred because eider bushes, which grew in abundance 
on ditch banks and hedgerows, had been cut during the winter and 
the honeylocust trees on the farm bore no fruit pods in that season. 
The elder bushes grew and bore fruit in 1930, and the locust trees 
were full of pods. In mid-July the insects were very plentiful on 
these native plants, but none were found on the Lima beans although 



866 


Jo urnal of Agricultural Research 


Vol. 46, No. 9 


they were planted in the same location as in 1929. The locality was 
Tisited again in early August, 1931. The bugs were found on elder 
bushes but none on beans. , . 

Lima beans, in gardens at the nursery north of Richmond, even 
when planted close to natural host trees were not appreciably dam- 
aged, although adults and nymphs were very plentiful on the wild 
hosts each senson. There was observed some tendency for adults to 
migrate to Lima beans during late July and early August, but this 
movement was too late for much injury, because the majority of the 
eggs had been deposited on native tree or bush hosts. 

TRANSMISSION OP YEAST-SPOT DISEASE 

When Lima beans are attacked, the injury is greatly increased by 
the presence of the bean yeast-spot organism, Nematospora phaseoli. 
In the two bean fields mentioned above, pi'ac tic ally all the pods 
dropped off by the middle of August. This disease seems to be 
widespread in eastern Vhginia and is generally associated with the 
feeding of this insect. 

NATURAL ENEMIES 

Aery few natural enemies have been taken in Virginia except egg 
;>arasites. The average parasitism of eggs for six seasons at Rich- 
mond ranged from 16 to 27 per cent. In some localities as high as 
55 per cent were parasitized. Six species of egg parasites have been 
reared and identified as follows: Trissolcus euschisti (Ashm.), Anas- 
tatm redwini (How.), A. pearsalli (Ashm.), A. niirabilis (Walsh), 
Telenomm dimmocki (Ashm.), and T. podisi (Ashm.). The first two 
named were most niinierous. Generally T. euschisti ranked first, 
and A. redurii second. A. pearsalli was third in numbers but never 
numerous. The last three species were scarce. 

Nymphs and adults are parasitized by tachinids. Trichoj^oda 
pennipes is^ the onl}' species reared. Parasitism by tachinids has 
been very light except in one or two collections when eggs were very 
numerous on nymphs and adults. In one collection 65 per cent of 
the adults were parasitized. 

SUMMARY 

The green stinkbug, kilaris Say, which is a single- 

brood insect, feeds and deposits eggs by preierence on wild hosts 
and requires green pods or fruit for food. The active breeding 
and development period is about three months which is generally 
too extended for one host to furnish a continuous supply of food. 
Studies made in Virginia for seven seasons indicate that a host suc- 
cession is necessary for the insects to become numerous. Further- 
more, it appears that cultivated crops are not severely attacked 
except when the host succession is incomplete or broken. " When the 
insect feeds on Lima beans, the pods generally become inoculated 
with a iimgous disease which may result in a complete crop failure, 
especially in humid seasons. Anaong natural enemies, egg parasites 
are most important. Six species of egg parasites have been reared 
and identified,. 
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COMPARATIVE RESPONSES OF A SPRING AND A WIN- 
TER WHEAT TO DAY LENGTH AND TEMPERATURE' 

By Annie M. Hurd-Karrer 2 

Associate Physiologist, Division of. Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Garner and Allard (15) ^ have emphasized the fact that in certain 
cereals a fundamental physiological distinction between spring and 
winter varieties is shown by the difference in their response to the 
length of the daily period of illumination. Many other investigators 
(5, S, 10, 11, 12, 19, 26, 37, 39) have observed such varietal differences, 
and their reports have called attention to the importance of the day- 
length response in the geographic distribution of the different varieties 
of cereals, as especially emphasized in the case of wheat by Wanser 
{39), Doroshenko (10, 11), and Thicker (57). 

The present paper contains observations and measurements illus- 
trating the differences in growth habit, rate of development, height, 
tillering, and yield of individual wheat plants of two varieties, Hard 
Federation, an extreme spring type, and Turkey, an extreme winter 
type, grown in the greenhouse under controlled day-length and tem- 
perature conditions. 

REVIEW OF LITERATURE 

Reviews of the literature on photoperiodism in plants by Maximov 
(;^5), Kellerman (;0jf), Redington (34) j and Berkley (7) will serve to 
give the background of the present investigation. 

As with most of the plants studied,- the major emphasis in the case 
of wheat has been on the acceleration of reproductive processes by 
long light periods, and their retardation by short ones (2, 3, 4, 5, 9, 
10, 11, 12, IS, 22, 23, 26, 36, 37). The extent to which the vegetative 
period can be shortened by increasing the day length differs for^ dif- 
ferent varieties, the spring wheats having been found especially 
responsive to the hastening influence of a long light period. These 
investigations leave no doubt that the day-length responses of spring 
and vinter types of cereals are as distinctive as their temperature 
adaptations (i-^, fd, ^<5, ;^S)- 

The length of the daily period of illumination has been found to 
determine not only height, tillering, and date of heading, but also root 
development (f 5, 26, 40 )j leaf and head development {10, 11), md 

1 Received for publication Feb. 21 , 1933; issued June. 1933. 

2 The writer is indebted to John W, Taylor, of the Division of Cereal Crops and Diseases, and to H. A. 
Allard, of the Division of Tobacco and Plant Nutrition, for their helpful suggestions in the course of this 
investigation; to A. G. Johnson and R. W. Leukel, of the Division of Cereal Crops and Diseases, for 
planning and supervising the installation of the temperature-control equipment; and to Fred Young for 
designing equipment used in controlling day length. 

3 Reference is made by number (italie) to Literature Cited, p. 886. 
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growth habit (19). In general it can be concluded from the literature 
that a:s the dav length is made shorter the plants are more vegetative, 
vith more tillers and larger leaves. As it is made longer, opposite 
effects are obtained. Some of Adams/ results {1, 3) apparently con- 
stitute exceptions to these generalizations, but the explanation prob- 
ablv lies in his experimental procedure. 

The interrelationship of temperature, light intensity, soil moisture, 
and other environmental factors in these various day-length effects 
has been discussed by many investigators Jf, d, 12 ^ H, 15, 17, 18, 
19, 26). Their reports confirm those of Garner and Allard in giving 
evidence that other factors may modify, to a certain extent, responses 
to the length of the daily light period. 

METHODS 

On December 2, 1930, seeds of a spring-wheat variety, Hard 
Federation (C. 1.“^ No. 4733), and of a winter variety, Turkey (C. I. 
No. 1558), were sown in greenhouse benches at the Arlington Experi- 
ment Farm, Rosslyn, Va., in soil that w^as 10 inches deep. The plants 
were 4 inches apart in rows 6 inches apart. Different day-length 
conditions were provided for the different benches by means of 
artificial light and light-tight covers. The sowings were duplicated 
in the south-end sections of two adjacent greenhouses, one of which 
was kept at a favorable low temperature (12° ± 1° C.), the other at a 
temperature too high for the best growth of "wheat (21°dzl°). The 
temperature w^as regulated by means of thermostatic control of the 
steam valves and of the dampers admitting cold air from the outside. 
An air distributor, 6 feet above the floor, circulated the incoming cold 
air fairly uniforml}^, so that the total variation in temperature in those 
parts of the houses used for the experiment was not over 1 degree. 

Combination soil and air thermographs and standardized maximum 
and minimimi thermometers were kept on stands 1 foot above the 
soil in each bench. During the period of temperature control — ^from 
December 2, 1930, the date of sowing, until April 3, 1931, w^hen 
outdoor temperatures became too liigh — the cold house w^as held 
at 12° ±1° C. except for a few hours on simn}^ afternoons, when it 
often rose to 15° in midafternoon, rarely to 20°. In the warm house 
the temperature wnrs similarly well controlled at 21° ± 1° until April 8. 
On sunny afternoons it rose to 25°, but rarely above. Soil tempera- 
tures were approximately 2 degrees lower than the air temperatures 
in each house. Unless otherwise specified, the temperatures referred 
to in this paper are air temperatures. 

^ Although the desired temperatures could not be maintained in 
either house after the first week of April, the lo’w-temperature house 
WBB. kept approximately 5 degrees colder than the other by means 
of a sprinkler system which kept a thin sheet of water running over 
practically the entire area of the glass of the roof and sides.® 


^ C. I. refers to aecessioG iiuinl>er of tlie Division of Cereal CrorJs and Diseases (formerly Office of Cereal 

Investigations). 

3 This method of lowering the temiwature in the greenhouse, suggested by S. Kai*rer, was inexpensive 
and easily installed. "Water pipes with spray nozzle at 1-foot intervals vrere laid on the roof just below 
the ventilators, and across the .‘^outb end of the house. The nozzles were directed downward at such an 
angle as to cause the water to strike the glass a short distance from the pipe, w-here it spread to the width 

of, the pane. 

6 Throughout the following discussions the terms “long-day,” “short-day/’ “low-temperature,” and 
high-temperature” are used to denote th# relative conditions under which the plants were grown, and 
not, in the sense of Garner and Allard m)^ to denote the optimum conditioii for flowering. In the latter 
sense wheat is a long-day piimi because flowering is induced by long days, and is delayed, as in Hard Feder- 
ation, or prevented^ as may occur in Turkey, by sbcfft days. 
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For the long-day ® plants in each house the natural day was sup- 
plemented with light from six 100-watt Mazda C lamps in standard 
deep-bowl reflectors, distributed at 32-inch intervals, 4 feet above the 
bench. These lights were turned on and off automatically by a 
time switch which was adjusted periodically so as to maintain a 
constant 17-hour light period. The intensity of the artificial light 
at the level of the bench varied but slightly from 40 foot-candles. 
As the plants increased in height, the distance of the lights from the 
bench was increased to 5 feet. The^ thermograph records showed 
no discernible heating effects of these lights at the level of the plants. 

The short-day condition was produced for the plants in another 
bench in each house by means of a light-tight black cloth cover 
supported on a slender framework 4 feet above the level of the bench. 
The cover was hung several inches out from the bench in order to 
insure ventilation. At the corners the side and end pieces over- 
lapped and were attached to the framework with snap fasteners 
when the cover was in place. A piece of 1-inch pipe constituted the 
back edge of the framework, and to it was attached a crank handle 
by means of winch the curtain could be rolled upon the pipe and 
lifted to one side when not in place over the bench. The plants 
were darkened every day from 4 p. m. until 8 a. m., leaving them a 
light period of eight hours in the middle of the day. The cover was 
thick enough to protect the plants from the lights of the neighbor- 
ing long-day bench, and was always in place before these lights were 
turned on. 

Control plants with the natural light period were grown on an 
adjacent bench and protected from the lights over the long-day 
bench by a heavy black curtain 6 feet high, hung in the aisle and 
extending well past the ends of the benches. This curtain was in 
place whenever the lights were on, and was pulled to one end, where 
it did not shade the plants, when the lights were turned off. The 
natural length of day, from sunrise to sunset, increased over the 
period of the experiments from 9.5 hours in December to 15 hours 
in June. 

The following observations and measurements are based on ap- 
proximately 60 plants of each variety, exclusive of border plants, 
grown under each of these six different conditions of day length and 
temperature. 

RESULTS 

EFFECTS OF DAY LENGTH AND TEMPERATURE ON RATE AND TYPE OF 
DEVELOPMENT 

The seedlings of the low-temperature house (12°±1^ C.) emerged 
in 10 days, and those of the high-temperature house (21®±1°) in 
6 days. The long (17-hour) light period so accelerated the develop- 
ment of the young plants of the spring variety, Hard Federation, 
that at first they greatly exceeded the others in height. At the 
natural and at the short (8-hour) days, Turkey, the winter variety, 
assumed, for about three months, the recumbent growth habit, 
typical of young plants of this and similar varieties in winter ; but at 
the 17-hour day the plants were erect or semierect from the first, as 
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ill experiiiients previously reported by the writer {19} J In the low- 
teiiiperature house these erect plants matured normally and pro- 
duced good yields of grain. In the high-temperature house they 
remained largely vegetative, as did the Turkey plants of the other 
light periods at this temperature. 

The contrast between the erect growth of the young plants of 
Turkey at the long day and their recumbent growth at the shorter 
ones, especially marked at the low temperature, is illustrated in 
Figure 1, which also shows the relative development of Hard Federa- 
tion plants of the same age. The plants of Turkey wdth the 8-hour 
da;f, A, were still prostrate at the time the photographs were taken, 
while the control plants, B, with the natural day, wMch was nearly 
11 hours long at tliis time, had become semierect, indicating the 
resumption of active growth. The 17-hour-day plants, C, were 
never prostrate. 

The comparative rates of development of Hard Federation and 
Turkey under the different conditions are shown in Table 1, where 
the dates of first flowering, together with the averaged growth meas- 
urements and their probable errors, are recorded. Heading occurred 
during the w^eek or 10 days preceding the date of first flowering, except 
in the case of the short-day plants, which headed irregularly over a 
longer period. 

Representative plants from the different environments, selected 
for photographing when maximum growih had been attained but 
while most of the foliage w^as still green, are shown on the same scale 
in Figures 2 and 3. Later, after the plants had matured and their 
measurements w-ere obtained and averaged, the photographs of 
plants conforming most closely to the averages for the groups were 
chosen for the illustrations. Occasionally none of the plants photo- 
graphed from a given group happened to conform to the size shown 
by the averages in Table 1 to be typical. Such was the case in 
Figure 3, where all the plants have more than the average number 
of tillers for their group. 


" Since the present paper was prepared, Forster, Tincker, Vasey, and Wadham (13) have reported that 
in their wheats growth did not completely cease at temperature® as high as 10° C., and that therefore they 
do not agree with the writer’s statement (19, p. 119) that a resting stage is produced by 8 and 9.5-hour light 
periods at this temperature. The term “resting stage ” was used in this earlier publication to designate the 
prostrate stage of development of Turkey in winter, preceding the erect leafy growth of the later period of 
the tillering stage. In Turkey and similar varieties the plants are recumbent during this early tillering 
stage, as descTibed and illustrated by Pereival (SI, p. 69-71), and growth is almost imperceptible over a 
considerable period. A rest period is referred to by Maximov (f8, p. £90) and others as typical of some 
cereals in winter, “* * * when growth completely ceases and the plant enters into a state of rest.” Maxi- 
mov states further: “ This condition may be of various intensity and duration. It may involve the whole 
plant or only parts of it.” Undoubtedly, as Forster and his associates have stated, all growth during the 
recumbent stage is not completely stopr^ in winter cereals at a temperature as high as 10° to 12°, the 
lov,' tenir>eraiure of this and the previous investigation (19). However, whether or not there is a true dor- 
mant or rest period is immaterial to the purpose of these investigations, the term being used with the sole 
purpose of designating the period during which the plant is in the prostrate or recumbent condition char- 
acteristic of the early tillering stage of Turkey and similar winter wheats grown with, short light periods. 




Figure 1, - Comparative development of winter-sown Turkey wheat (at right in eaeh photograph) and Hard Federation (at left) 10 weeks after sowing, grown with constant low 
temperature C.) and dilTerent light periods; A, Short day (8 hours); B, natural day (9.5 to 10.5 hours); C, long day (17 hours) 
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Table 1. — Ejects of day length and temperature on the average height, tillering, head 
development, and yield of a spring wheat {Hard Federation) and a winter wheat 
{Turkey) sown December 2, 1930 


Hard Federation at 12°±1° C. 


Item 

Short day 
(8 hours) 

Natural day 
(9.5-15 hours) 

Long day 
(17 hours) 

Date of first flowering 


May 9 

Apr. 13 

Feb. 19 

Dry weight of straw 

— -.grams,. 

9.5 

7.7 

1.2 

Height of plants, 

centimeters,. 

90±0. 75 

98zt0. 93 

66±0. 86 

Total tillers per plant 

number.. 

5.8±.27 

3.7±.16 

« 3. 8d=. 16 

Fertile heads per plant 

do 

3.9±. 19 

3. 5±.17 

1. 3±. 10 

Length of heads 

centimeters- _ 

9. 5±. 07 

8. 6±. 06 

5. 4±. 05 

Kernel weight 

- gram,. 

. 035±. 0007 

. 054=h. 0005 

.055±.0009 

Weight of grain per fertile head. . 

do— 

. 51d=. 02 

. 85±. 06 

. 37±. 02 

Yield of grain per plant 

do 

l.Olzfc.n 

2.81d=.21 

.45±.05 



Hard Federation at 21°±1° C. 

Date of first flowering 


Apr. 25 

Mar. 18 

Jan. 13 

Dry weight of straw, 

- grams.. 

10. 3 

: 8.1 

(f.) 

Height of plants 


82d=l. 20 

! 84±1. 07 

48±. 77 

Total tillers per plant 

number.. 

8. Idb. 32 

6.2±-28 

2. 7±.ll 

Fertile heads per plant 


2. Ozfc. 14 

4. Idr. 25 

1.6±.06 

Length of heads— 

-centimeters, _ 

8.5±.0S 

7.8=h. 06 

5.4±.06 

Kernel w'eight 

gram,. 

.028=b. 0004 

.039±.0007 

. 036zl=. 0007 

Weight of grain per fertile bead., 

do 

. 24d=. 04 

.61d=.03 

.38±.02 

Yield of grain per plant 

- do 

. 77±. 06 

2. 40±. 18 

.67d=.03 



1 Turkey at 12°±1° C. 

Date of first flowering 


June 8 

May 16 

Apr. 13 

Dry weight of straw 

grams,. 

12.9 

8.7 

3.8 

Height of plants 

centimeters— 

llOiO, 76 

115dz0.88 

101=fc0. 71 

Total tillers per plant 

number, - 

6. 6d=. 28 

5. 3±. 24 

3. 4d=. 09 

Fertile heads per plant 

-do 

2.0±. 13 

4. 3±. 17 

2.9d=.09 

Length of heads 

.centimeters,. 

13. 7±.ll 

10. Ozir. 05 

8. 4±. 04 

Kernel weight 

"Weight of grain per fertile head,. 

gram 

. 022=fc. 0008 
02 

.035±.0002 
98d= 04 

. 043±. 0005 

Yield of grain per plant.., 

-do 

^ . 53zt:. 04 

4. 06±. 19 

3. 67=fc. 09 


« Very short secondary tillers without grain and but a few inch^ long, characteristic of these plant.s, were 
not included in this average. If included, the average would be 6.9. 

*> Straw inadvertently discarded. 

« In the year preceding and the year following, in both of which the seed was sown 2 weeks later than in 
this eii>erinaent, the heads of Turkey at the short day produced no grain. (Table 2.) 

Hard Federation was extremely sensitive to the forcing action of 
the lengthened light period. At both temperatures the plants with 
the 17-hour day were forced into the reproductive stage so rapidly 
that there was insufficient leaf development before maturation proc- 
esses began. The plants were extremely stunted, with short, narrow 
leaves and small, poorly developed heads. (Fig. 2, C, F.) In the 
low-temperature house they began to flower the third week of Feb- 
ruary, 10 weeks after emergence. They were eight weeks ahead of the 
control plants (fig. 2, B), which flowered the second week of April. 
In the Mgli-temperature house, development was still more rapid, the 
long-day plants flowering the second week of January, only five weeks 
from emergence and nine weeks ahead of the control plants (fig. 2, E), 
which bloomed the third 'week of March. 

Maturation of the short-day plants of Hard Federation was as 
markedly retarded as that of the long-day plants was hastened. 
Whereas the rapid development at the 17-hour day had resulted in 
stunted plants with reduced foliage, the 8-hour day caused a highly 
vegetative type of growth, with increased tillering and large leaves. 
(Fig. 2, A, D.) In the cold house the plants began to flower the 
second week of May, a month later than the control plants with the 
natui'al light period. At the higher temperature they flowered the 
last week of April, more than five weeks later than the natural-day 
plants in that house. 



Figure 2.— -Mature pi* 
different light period: 
months): A, B, 0, SI. 
grown at the lower te; 
plants, rewSpectively, g: 
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At the low temperature, Turkey, the winter variety, while less 
susceptible to the forcing action of the lengthened light period than 
Hard Federation, also developed more rapidly with the 174iour day 
than with the natural day. The plants were not stunted as were the 



long-day plants of the more rapidly developing spring variety, but on 
the contrary compared favorably, except for their reduced tillering, 
with the natural-day controls. (Fig. 3, B, C.) Flowering occurred 
during the second week of April, five weeks ahead of the natural-day 
plants, while those of Hard Federation growing beside them had 
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flowered the third week of February, eight weeks ahead of their 
controls. The short day resulted in a vegetative type of growth, as in 
Hard Federation, with maturation considerably delayed. (Fig. 3 , A.) 
Thus, at the 8-hour day Turkey did not head until June 8, three 
weeks later than the natural-day plants. 

In the high-temperature house but few heads were produced by 
Turkey at any day length, most of the plants being completely sterile. 
They remained green and mostly vegetative until the following 
October, when they were discarded. Excessive tillering, together 
with the common failure of the culms to elongate, gave the plants of 
all the light periods the bushy appearance characteristic of spring- 
sown winter wheats that fail to head (d). The photographs in 
Figure 4 were taken in August, when the plants were still green, long 
after all the other lots had ripened. The vegetative condition of the 
long-day plants in this house gave evidence of the fact that the 
ordinarily dominant action of the light period becomes imperceptible 
at temperatures unfavorable for reproduction. 



Figurk 4.~Effect of the hUher temperature C. far first four months) on the 

growth of Turkey at the different day lengths: A, Short day (8 hours); B, natural day 
(9.5 to 15 hours); C, long day (17 hours) 


The tendency of the shortened day to favor continued vegetative 
growth and that of the long day to inhibit it are evident in both the 
winter and the spring variety on comparing the weights of the dried 
plants from the different environments. The average weights of 
straw per plant shown in Table 1 were obtained by weighing the 
fully ripened air-dry plants, exclusive of the heads an<i roots. In the 
low-temperature house the average weight of a short-day plant of 
Turkey was more than three times that of a long-day plant. In 
the case of corresponding plants of Hard Federation, the short-day 
plants averaged eight times the weight of those with the long day. 
The straw of the long-day plants of Hard Federation from the high- 
temperature house was inadvertently discarded, but approximately 
the same relation is evident from the appearance of the plants in 
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Figure 2, F. Tlie weights of the natural-day plants of both varieties 
were iiiteriiiediate between those of the short and long days, but re- 


’iGURE f). -Typical heads of Hard FederalioB wheat grown with different day lengths and tem- 

months); A^d B, Short dav (8 hois) at 
r^I>ectiv^y; C and D, natural day (9.5 to 15 hours), at the low andMgh 
Sectn ’■^speetively; E and F, long day (17 hours) at the low and high temperaturf^ 

tion in size by the long day was always more pronounced than 
the increase brought about by the short day. 
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The average heights recorded in Table 1 represent the final measure- 
ments on the mature plants, including the heads. The data show that 
the 17-hour light period shortened the plants in every case, the effect 
on Hard Federation being much more extreme than the effect on 
Turkey. The 8-hour day also reduced the average height of the 
plants of both varieties, but the effect was less pronounced than that 
of the lengthened light period. At every day length the plants of the 
cold house were taller than the corresponding plants of the warm 
house, the difference reflecting the injurious effects of temperatures 
above 20° C. on the growth of even the spring wheat. 

The number of tillers per plant was highest in both varieties at the 
short day, and generally lowest at the long day. If only normal 
tillers with heads were counted, the number was always lowest at the 
long day. At equivalent day lengths, more tillers were produced at 
the higii than at the low temperature, except in Hard Federation 
at the long day. 



Figure 6. — Typical heads of Turkey grown at 12®dbl° C. for the first four nioni.hs, with ditferent 
light periods: A, Short day (8 hours); B, natural day (9.5 to 15 hours); G, long day (17 hours) 


Among the conspicuous formative effects of the length of the light 
period were the effects on head length. (Table 1.) In both Hard 
Federation (fig. 5) and Turkey (fig. 6) the long day produced abnor- 
mally short heads. The short day produced very long heads, largely 
as the result of abnormal elongation of the basal internodes of the 
rachis. This elongation was especially pronounced in Turkey, some 
of the heads reaching 20 cm, measured from the lowest node of the 
rachis. Occasional abnormal heads like those in Figure 7, showing 
indeterminate growth of the spikelets, were produced by Turkey at 
this day length. 

Other structural abnormalities were the shortened peduncles of &e 
plants of the short day. (Figs. 2, A, D; 3, A.) Sometimes elongation 
of the peduncle ceased as soon as the head emerged from the boot. 
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Eelative kernel size for the different groups of plants is illustrated 
in Figure 9. This figure shows the reduced size of the grains of the 
short-day plants of both Tarieties, and the large plump grains of the 
long-day low-tempera ture plants. The high-temperature grains were 
always smaller than the corresponding ones from the low-temperature 
plants. 

The following year ( 1932 ) grain from each of these seed lots was 
grown in the low-temperature house with the natural light period. 



HARD FEDERATION 


TURKEY 


NATURAL DAY 


LONG DAY 


'Etfects of day length and temperature on kernel de¥elopment of wheat, 
grains in each circle) 


Except for somewhat reduced size in early growTii stages/ the plants 
grown from the small shriyeled grains of the short day were very simi- 
lar to those from the larger grains of the other day lengths. There 
w^ere no significant differences in height, tillermg, dry weight, or yield 
of any of the plants. It is concluded, therefore, that the condidons 
of day length and temperature under which the grain was produced 
had no appreciable effect on the deYelopment of the plants growm 
from the grain. 
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SUPPLEMENTARY EXPERIMENTS 

The question arises in connection with the generalizations discussed 
in the preceding sections as to the reproducibility of these effects of 
day length and temperature. Data from several similar experiments 
but with different dates of sowing and different spacings are summarized 
in Table 2 in order to show that the relative effects of the different 
environments and the varietal differences in the responses to these 
environments were not fortuitous variations. 

The experiment with spring-sown grain (A) included only Hard 
Federation, and differed from that just described in its closer spacing, 
the plants being 2 instead of 4 inches apart. The experiment with 
grain sown in the winter of 1931 (B) also differed with respect to 
spacing, in that the row's w'ere 1 foot apart instead of 6 inches. The 
experiment with grain sowm in the winter of 1929 (C) resembled that 
described in the preceding sections of this paper, the plants being 
spaced at 4-inch intervals in row^s 6 inches apart. The experiment 
A differed from all the rest in that temperature control could be 
maintained for the first month of growth only, whereas the winter 
sow^ings had controlled temperatures for the first four months. The 
temperatures w^ere similar in all the experiments, namely, between 
10° and 14° C. in the low^-temperature house and between 20° and 23° 
in the high-temperature house. All border plants were discarded. 

The data in Table 2 are in accordance w^ith the generalizations 
indicated by the data in Table 1. They show^ that the 17-hour day 
accelerated the development of both Hard Federation and Turkey 
and produced smaller plants, with lower dry weights and reduced 
tillering. Acceleration of heading was less marked in Turkey than 
in Hard Federation, as before. Yield per head at the long day was 
alwmys liigher than at the natural day in Turkey but low^er in Hard 
Federation. The short day consistently produced large vegetative 
plants with the most tillers, wiiose development wms retarded. Grain 
production was decreased or, in Turkey, entirely prevented by the 
short day. 

A significant difference between the Turkey plants of the experi- 
ments of Table 2 and those of Table 1 was the failure of the former to 
flower at the short day. The difference may be attributed to the 
fact that the grain for the experiments of Table 2 w^'as sowm two weeks 
later than that of Table 1, the retardation by the short day resulting 
in the later-sown lots reaching the preflow^ering stage w^hen green- 
house temperatures were higher. 



in supplementary experimeniSy 1930-1932 
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Experiment A, seed sown Mar. 2, 1931; B, seed sown Dec. 15, 1931; O, seed sown Dec. 13, 1929. 
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DISCUSSION 

A shortened daily light period induces an abnormally vegetative 
type of growth in wheat, whereas, at temperatures low enough to 
permit heading, a lengthened one induces abnormally liastened 
reproduction. However, the results of the present investigation show 
that plants so rapidly forced into the reproductive stage by a long 
light period are not made more fruitful thereby, but, on the contrary, 
yield is reduced, especially in the case of a spring wheat like Hard 
'federation. Plants of this variety are stunted, the leaves small, 
and the heads often sterile. The winter variety, Turkey, is not 
forced so rapidly into reproduction by a long day, but, at favorably 
low temperatures, it grows tall and vigorously, its leaves are large, 
and it produces an even higher yield of grain per head than it does 
with the natural day. Nevertheless it does not produce the greatest 
3 ueld per plant at the long day, for the number of heads is reduced. 

It is interesting to note that although a shortened light period always 
increased the number of tillers per plant in both varieties, and, in 
Turkey, a lengthened one increased the kernel and head weights, still 
the highest total yield of both varieties was produced by the plants 
with the natural day, possibly because of the favorable effect of the 
changing light period {19, B7, SS), which increased from 9.5 to 15 
hours during the experiments. 

Differences between the reactions of the spring and the vnnter 
variety to the different environments were conspicuous at every stage 
of development. In the early tillering stage, the prostrate growth 
habit of the short-day and natural-day plants of Turkey distinguished 
them from the erect plants of Hard Federation in the same benches. 
Within the first 5 to 10 weeks after emergence, depending on the 
temperature, heads were appearing in the long-day plants of Hard 
Federation, wliile Turkey in the same bench was still in the tillering 
stage. Turkey continued in this vegetative stage for some time after 
the spring plants had fiillj^ matured; so, although the long-day 
plants of Hard Federation were much taller at first than the adjacent 
plants of the winter variety, their growth was soon ended by the 
early maturation of the heads, leaving the plants abnormally short 
and with reduced leaf and head development. At the low tempera- 
ture the more slowly developing long-day plants of Turkey grew to 
twice the height of the Hard Federation plants beside them and pro- 
duced fully developed leaves and heads. The extreme reduction in 
yield in Hard Federation at the long day, with less injury at the short 
day, and, conversely, in Turkey, the occurrence of extreme injury at 
the short day with increased head and kernel weights at the long day, 
gave interesting evidence of a fundamental distinction between spring 
and winter wheats. Other evidence of the physiological difference 
between the two varieties' was, of course, the greater tolerance of 
Hard Federation for the higher temperatures. 

The appearanco and measurements of the plants in the present 
mvestigation show that excellent growth can be obtained in the green- 
house with no source of ultraviolet light. In 1931 the control plants 
of the winter variety, Turkey, with the natural length of day aver- 
aged 115 cm in height at maturity, with an average of 5.3 tillers and 
4 g of grain per plant, testing 62 pounds to the bushel. In 1932, 
when the rows were 1 foot apart instead of 6 inches, still larger plants 

■ ■■: 179377 — 33—2 ■ '' ' 
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were obtamed wliicli aTeraged 8.6 fertile heads, giving 6.9 g of grain 
per plant. (Table 2.) The plpts, therefore, compared favorably 
with field-grown plants (6) of tliis variety. 

The excellent growth and yield of the plants of Turkey at the 
17-hoiir clay were of special interest because the recumbent growth 
habit typical of this variety in a natural winter environment at this 
, latitude was inliibited by the long light period. The ' subsequent 
normal development of the plants showed, m agreement with the 
conclusions of other investigators {29j SO, 38), that a resting or 
recumbent stage was not essential for good yield. Since IT-hour- 
da}^ plants of this variety yielded so well in all the experiments, the 
suggestion that the failure of spring plantings of winter wheat to head 
may be attributed to too long light periods (S9 ) — or to the resulting 
absence of a prostrate growth phase in the tillering stage (19 ) — now 
seems untenable, for the longest summer day is only 15 hours at this 
latitude. In view of the fact that temperatures above 20° C. in the 
greenhouse are so deleterious to winter wheat (20) and, in the present 
experiments, always prevented normal development at all the day 
lengths used, it seems probable that the onset of warm weather before 
the end of the long vegetative period is responsible for the abnormal 
growth of Turkey in spring sowings. 

Gassner (16), SlcKinney and Sando (24) ^ Maximov (26), and others 
have shown that stimulation of the transition from vegetative to 
reproductive growth in winter wheat can be brought about by germi- 
nating the plants at temperatures near freezing. However, Murinov 
V (190) and Wacar (38) have reported that, in the winter varieties they 
studied, very low germination temperatures were not essential for 
heading. It now seems from other investigations {29, 32) that very 
low temperatures in early stages stimulate heading in the case c)f 
late sowings only, for when germination takes place in the winter 
such low temperatures have no noticeable effect, presumably because 
the short winter day supplies a similar stimulus (27). In accordance 
with these reports, the low-temperature plants of the present investiga- 
tion (for all of which the seed was sown in December) progressed nor- 
mally from the vegetative condition to reprodiiction with normal 
yields of gram without experiencing either soil or air temperatures 
below 9.5° C. It would seem, therefore, that statements (So, p. 53) 
to the effect that winter cereals “grown from seed germinated above 
5° C. and not allowed during growth to fall below this temperature 
do not form ears but grow vegetatively only^^ are not applicable to 
the winter wheat used in these investigations. 

It is of interest to note that three groups of the Hard Federation 
plants, including one in the low-temperature house (Table 1) flowered 
within the period of teinperatiire control, wliich continued through 
the first week of April. With the exception of the natural-day 
plants, for which the light period was increasing, these plants flowered 
with no apparent change in the external environment other than the 
change in light intensity as the season advanced. This fact would 
appear to controvert the opinion (27) that a rise in temperature as 
well as an increase in day length is necessary for further development 
after the plant has reached the preflowering stage. 

Wanser ( 39 ) thought that specific critical day lengths are necessary 
to bring about the transition from the vegetative to the reproductive 
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phase of growth in winter wheats, and to initiate jointing and head- 
ing. The fact that in the present inyestigation Turkey plants have 
progressed from the seedling stage to culm elongation, flowering, and 
maturation at both the constant short and constant long days shows 
that the stimulus of a changing length of day is no t essential for develop- 
ment in all vunter wheats. 

Turkey and some other varieties of winter wheats have been shown 
(ISj £7j 35) to be stimulated to more rapid development by transfer- 
ring them from short to long light periods in early stages of growth. 
In the writer’s experiments, transplanting young Turkey plants from 
the short-day to the long-day bench at the age of 2 months, when 
they were still in the recumbent stage, resulted in rapid emergence 
from this stage. Culm elongation proceeded so rapidly that the 
plants soon surpassed all the others. Flowering and maturation of 
such transplanted plants in experiments of three different years 
occurred without exception from one to two weeks earlier than in the 
adjacent plants with the constant long day, which were themselves 
two months earlier in heading than were the natural-day plants. 

The various reports (Id, IS, 24} 26, 27, 29, 32, '33, 38) of favorable 
effects of a change from low temperatures or short days in early growth 
stages to higher temperatures or to longer days in later ones have 
proved that under some conditions such changes hasten the subse- 
quent transition from vegetative to reproductive growtly There still 
remains the question as to what brings about the transitions in growth 
phases that occur in the absence of any apparent change in the external 
en'vuronment. 

SUMMARY 

Hard Federation, a typical spring wheat, and Turkey, an extreme 
winter type, were grown in the greenhouse with short (8 hours), natural 
(9.5 to 15 hours), and long (17 hours) light periods at each of two tem- 
peratures, alow one (12° ±1^ C.), favorable for the growth of wheat, 
and one too high for the best development of even the spring variety 
(21° ±1°). Temperature control was maintained from the first of 
December until early April. 

The lopg day hastened the development of both varieties, but the 
acceleration was much more pronounced in the case of the spring 
variety. The short day retarded the development of both varieties. 

At the low temperature, the short day increased leaf size, head 
length, and generally the number of tillers, and decreased kernel 
weight and yield of the plants of both varieties, causing complete 
sterility in Turkey in two out of three experiments. The long day 
decreased dry weight, tillering, head length, and total yield of grain 
in both varieties, ^though Turkey’s yield per head and average kernel 
vreight were always highest at this day length. Yield per plant of 
this variety at the long day was reduced because of the reduction in 
tillering. 

The short day was more damaging than the long day to the yield 
of grain in Turkey, whereas the long day was the more damaging to 
Hard Federation. 

The high temperatiireWas more damaging to the winter variety 
than it was to the spring variety, heading of the former being sparse 
and the growth of the plants abnormal above 20° C» 
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EFFECTS OF CHLORINE, BROMINE, AND FLUORINE ON 
THE TOBACCO PLANT * 

By Lloyd B. Wilson ^ 

Formerly Agent, Division of Tobacco and Plant Nutrition, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

A considerable body of data is available on the influence of the 
elenient chlorine, applied as chlorides, upon the growth of crop plants. 
No special investigation, however, appears to have been made of the 
influence of the closely related elements, bromine and fluorine. The 
object of much of the work vdth chlorine has been to determine 
whether chlorides are beneficial or harmful to the crop. The litera- 
ture on this subject, as reviewed by Tottingham ( 10 ) ^ and by Loman- 
itz (d), shows that it has long been the practice among growers to 
apply sodium chloride as a fertilizer material and that the effect of 
chlorides depends partly on such factors as the quantitY^ of chlorine 
applied; the kind of crop; the type, reaction, and moisture content 
of the soil; and the meteorological conditions prevailing during the 
growing season. 

The influence of chlorine on tobacco has received careful study by 
Garner and his associates (4). In comparative tests vith sulphate of 
potash and chloride of potash on Durham sandy loam, these investi- 
gators found an average increase of 10 per cent in yield on plots to 
which chlorides were applied. Two reasons are given for the stimu- 
latory effect of chlorides: (1) Chlorine increases the soliibility of mag- 
nesium, enabling the plant to absorb enough of this elemeiit to meet 
its nutritional requirements; and (2) the presence of chlorides within 
the tobacco plant enables it, by maintaining an increased water 
content, to better withstand periods of drought. Garner and his 
associates noted, moreover, that plants supplied with an excess of 
chlorine were dwnrfed and that their leaves were glossy, extremely 
thick, and brittle. In extreme cases the margins of the leaves w^ere 
curled upward; such leaves w^ere found to have an abnormally high 
water content and to be gorged with starch. These workers also 
found that an excess of chlorine lowers the market value of the cured 
leaf through its deleterious effects on color, elasticity, and keeping 
quality. The manufactured product may be affected also, since 
tobacco of excessive chlorine content is high in moisture and low in 
organic acids and hence does not burn readily. 

Since, so far as is known, no one has investigated the possible 
beneficial or harmful effects of the elements bromine and fluorine 
upon the tobacco plant and since no detailed study seems to have 
been made of the effects of chlorine, bromine, or fluorine upon the 
anatomy of the leaves or upon the physicochemical properties of the 
sap, an investigation of these matters was undertaken and is reported 
herein.. , 
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MATERIAL AND METHODS 

Material was secured both from tobacco plants {Nicotiana tabacum 
L.) grown in the field and from plants grown under glass. The field- 
grown material was collected in two localities, one about 14 miles 
north of Durham, N.C., and the other about 16 miles south of Durham. 
The plants in the greenhouse were grown in 6-inch porous pots in a 
soil consisting of a mixture of loam and river-washed sand. A small 
quantit}^ of 8-4-4 fertilizer was stirred into the soil before the plants 
were transplanted. The soil was kept moist by applications of 
dilute solutions of salts interspersed with applications of tap water. 
Each lot of plants, except the controls, was given applications of one 
of the following salts: Amonium chloride (NH4CI), magnesium 
chloride (MgCh), potassium chloride (KCl), sodium chloride (NaCl), 
ammonium bromide (NH4Br), sodium bromide (NaBr), potassium 
bromide (KBr), ammonium fluoride (NH4F), potassium fluoride (KF), 
or sodiiiiii fluoride (NaF). Saucers placed beneath the pots pre- 
vented loss of salts by drainage and permitted the salts to accumulate 
ill increasing concentrations. When incipient collapse indicated that 
the plants could tolerate no more salts, suitable moisture content was 
maintained by tap water alone. A canopy of cheesecloth was used 
to provide partial shade. 

Material for anatomical study was cut from the leaves by means of 
a cork borer and was fixed in formalin-acetic-alcohol solution. Paraf- 
fin sections were cut 20/i to SOjut in thickness and were stained with 
Heidenhainfs iron-alum haematoxylin. 

Material for physicochemical studies was collected from the field 
between 8 and 9 a. m., and from the greenhouse at about 7.30 a. m. 
Each sample from the field consisted of representative leaves taken 
from a dozen or more plants. The samples were immediately packed 
in solid carbon dioxide in cardboard cartons, wMch were then sealed 
with tape. The material from the greenhouse was placed in thermos 
jugs and taken directly to a cold room maintained at 38® F. The sap 
was extracted from the samples by grinding the leaves in a meat 
chopper. Suspended matter was removed from the expressed sap by 
centrifugalization, and the moisture content was determined by 
means of a refractoineter. 

Such physicocheinical properties as depression of the freezing point, 
osmotic concentration, and percentage of bound water were deter- 
mined by the standard method (8). In this method, A equals the 
freezing-point depression of the sap as cletermined by the Beck- 
mann thermometer and Aa equals the freezing-point depression of a 
volume of sap sufficient to contain 20 g of water, in wiiich 6.845 
g of sucrose (a molar concentration) has been dissolved. The dif- 
ference between these two values is expressed by the formula 

An — A = As. 

If, then, the depression of the freezing point of a molar solution of 
sucrose alone is subtracted from As, this value equals Ax. From these 
values the bound water content,. or hydropMlie colloidal content, of 
the sap is calculated by means of the following formula:^ ' v V 

( Percentage of free water in V' 

a molar solution of sucrose | . ■ ^ j 

' f = Percentage of bound water. 
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EFFECTS OF HALOGEN SALTS ON THE TOBACCO PLANT 

Tobacco responds readily to applications of salts containing chlorine, 
bromine, or fliiorine, but the effects of the various compounds differ 
somewhat. When a mixed fertihzer containing 4 or 5 per cent of 



Figure L— Tobacco leaves showing injury from excessive application of chlorides 


potash as potassium ciiloride was applied to tobacco plants in the 
field, these plants became stunted and their leaves were characteristi- 
callj thickened and curled along the margin (fig. 1), thus confirming 
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tlie observations of Garner and his associates (4). In the greenhouse, 
in a soil which was deficient in nitrogen, potash, and phosphoric 
acid but to which clilorides were applied in excess, tobacco plants 


FiorriE 2. —Tobacco grown'in the presence of bromides: A , Plant given applications ol ammonium 
bromide; B» plant given applications of potassium bromide 

grew less rapidh^ than did the controls. Instead of being thin and 
pliable, as normally, the leaves were thick and stiff. There was no 
curling upward of the leaf mai^ns after applications of the clilorides 
of magnesium, potassium, or sodium; curling occurred, however, after 
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applications of ammonium chloride. From this effect it would appear 
that the cumulative action of an excess of clilorine alone does not 
cause curling. The fact that plants receiving applications of ammonium 
chloride made a more vigorous growth and had larger leaves than did 
those receiving the other cMorides indicates that the marginal curling 
of leaves may be conditioned by the availability of nitrogen and is 
therefore correlated with rate of growTh. 

Plants receiving^ applications of bromine as bromides of ammonium, 
sodium, or potassium developed leaves that were thick, sliiny, and 



Figure 3.— Tobacco plant to which ammonium fluoride was applied 


brittle. Curling of the leaf margin resulted from the use of ammonium 
bromide or potassium bromide (fig. 2), but not from the use of sodium 
bromide. 

When permitted to accumulate in excessive amounts, fluorine 
produces a inore pronounced inliibition of growth than does either 
clilorine or bromine; and it seems, in addition, to have a toxic effect. 
Marked thickening occurred after applications of fluorides of am- 
monium, calcium, potassium, or sodium; but there was no rolling 
upward of the leaf margins except after applications of ammonium 
fluoride. (Fig. 3.) 
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These results indicate that excessive amounts of chlorine, bromine, 
or fluorine interfere with the normal growth and expansion of tobacco 
leaves and vith the elongation of the stems. From the chemical 
similarity of these elements, it may be assumed that their salts would 
have similar effects on cellular activities. Evidence of similarity in 
physiological effects on tobacco is shovm by anatomical studies. 

EFFECT ON ANATOMY OF LEAVES 

Normal tobacco leaves embedded in paraffin were cut transversely 
in sections of sufficient thickness to include entire cells. Leaves from 




Figure 4.— Cross section of tobacco leaves showing thickening produced by halogen salts: 
A, Normal leaf; B, leaf injured by chlorine; C, leaf injured by bromine; D,'leaf injured by 

Huorine, : 


plants that had been given excessive applications of halogen salts 
were similarly embedded and sectioned. Microscopic examination of 
these sections showed that the salts had caused an increase in the 
thickness of the leaves and that this increase was dne not to an in- 
crease in the number of cells but to the enlargement of cells of all 
tissues except, perhaps, those of the vascular bundles. 

Figure 4 shows cross sections of leaves drawui to the same scale 
with the aid of a microprojector and indicates that leaves from plants 
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to which chlorides had been applied were approximately two and 
one-half times as thick as normal leaves, and that those to which 
bromine and fluorine had been applied were approximately twice as 
thick as normal leaves. 

Garner and his associates (4) have shown that the increased thick- 
ness and brittleness of leaves of plants receiving an excess of chlorides 
is primarily due not to toxicity but to an interference with the carbo- 
hydrate metabolism in w^hich the wmter relations are involved. As 
already stated, these investigators noted that an excess of chlorine 
causes the leaves to become gorged with starch. In earlier studies 
(2) on the curing of tobacco they reported that the partial wilting of 
the green leaf has a decided effect in stimulating amylolytic processes 
involved in the conversion of starch to reducing sugars. In the same 
year (1914), a similar starch-wrater relationship in plant tissues w^as 
noted by Lundegardh (7), who found, furthermore, that an increase 
ill water content causes starch to re-form. More recently Schroeder 
and Horn (9) and Bruns (i), in investigations on several species of 
plants, have confirmed the observation that starch is digested in cells 
which are not turgid and that it is re-formed when the cells have again 
absorbed sufficient w^ater to become turgid. 

The presence of chlorides in excessive amounts should therefore 
tend to maintain a high state of turgidity within the cells of tobacco 
leaves. It seems probable that bromides and fluorides would have a 
similar effect. 

EFFECT ON PHYSICOCHEMICAL PROPERTIES OF SAP 

In order to ascertain whether halogens modify the osmotic con- 
centration of the sap and w^hether these changes are correlated wdth 
increased size of the leaf cells, determinations were made of the 
freezing-point depression, osmotic concentration, and bound-water 
percentage of extracted sap. The results of a series of such deter- 
minations are given in Table 1. 


Table 1. — Effects of various halogen salts on physicochemical properties of the 
sap of leaves of tobacco plants grown in the greenhouse in 1931 


Date of analysis 

Solution applied 

Freezing-point 

depression 

i 

Osmotic 

concen- 

Bound 
water « 

A“ 

Aa» 

tration i 


Control (tap water) 

° a 

0.6S2 

° a. 

% 209 

Atmos- 
phereB 
.8. 22 

Per cent 

0 


.... 

.875 

2. 360 

10.54 

0 

.Till V 9 

NH 4 Br.., 

.814 

2. 291 

9. 80 



KCl ... 

1.092 

2.845 

13.14 

\ . 0 


NaCl.-— - 

.981 

2. 469 

11.89 

0 


.NH 4 CI 

.941 

3.046 

11.33 

0 


/Control (tap water) 

.721 

2. 873 

8. ^ 

l.s^ 


KBr. 

1.085 

3. 201 

13.06 

0 


NaBr 

1.027 

i 2. 784 

12. 36 

0 

July 21 and 22,. 

NH4Br 

.915 

3. 041 

11. 02 

. 21 

ECL,...- 

1. 106 

3. 312 

13.31 

3.44 


NaCL. ' 

1.021 

3.222 

12.29 

■ „3.24' 


NH4CL...... 

.903 

3. 064 

■ 10.87 

1.65 


NaF. 

.788 

2.992 

9.49 

3.36 


« Freezing-point depression as determined by the Beckmann thermometer. 

Freezing-point depression of a volume of sap sufficient to contain 20 g of water in which 6.S45 g of 
snerose has been dissolved, 

« Computed from freezing-point-depression values. (Seep. 890.) 
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Table 1. — Effects of various halogen salts on physicochemical properties of the 
sap of leaves of tobacco plants grown in the greenhouse in —-Continued 


Date of analysis 

Solution applied 

Freezing-point 

depression 

Osmotic 

concen- 

Bound 

water 

A 

Aa 

tration 


f Control (tap water) 

^ C. 

0. 708 

° C. 

2. 895 

Atmos- 
pheres \ 
8. 53 

Percent 

2.81 

Aug. 3 

jKBr 

1.082 

3. 250 

13. 02 

2. 06 

VNaCl 

1. 009 

3. 181 

12. 15 

2. 22 


iNaF 

.874 

3. 056 

10. 52 

2. 62 


[Control (tap water) 

.817 

3. 043 

9.84 

4.25 

Aug. 14 

jNH4Br 

.876 

3. 079 

10.55 

3.36 

]KC1 

1.126 

3.288 

13. 55 

1.73 


iNaF 

.969 

3. 192 

11.55 

4.51 


/Control (tap water) 

.732 

2.755 

8. 82 

2. 05 


KBr....:. 

1.014 

2. 937 

12.21 I 

.69 


NaBr 

1.027 

2. 784 

12.36 i 

0 

Average 

/NH4Br 

.868 

2. 804 

10.46 

1. 19 


Vkci 

1.108 

3. 148 

13.33 

1. 72 


NaCl 

1.004 

2.957 

12.11 

1.82 


NH4CI 

.922 

3. 055 

11.10 

.83 


.NaF__ 

.874 

3.080 

10. 52 

3.50 


These data show that sap from the leaves of plants receiving 
excessive amounts of salts had larger values for A and Aa than that 
from the leaves of plants receiving tap water only, or that the cell 
sap of plants to wliich salts had been applied had the greater osmotic 
concentration. 

Garner and his associates (S) have shown that there is a progressive 
increase in hydrogen-ion concentration in the sap of tobacco leaves 
as the leaves approach maturity. Since active acidity is correlated 
with changes in osmotic concentration there should also be a gradual 
increase in osmotic concentration in plants that are approaching 
maturity and that have received applications of salts. The data in 
Table 1 indicate a tendency toward increased osmotic concentration 
with mereasing age. 

The ability of the leaf to bind water is influenced by an excess of 
salts, and also by the age of the leaf as indicated by the absence of 
bound water in all samples on July 9 (Table 1) and by its occurrence 
in nearly all later samples. Further evidence of the influence of age 
as a factor in increasing the binding of water was strikingly exMbited 
by the difficulty with which sap could be extracted from leaves gath- 
ered from the field early in October, 1931. The present data, with 
the exception of the results obtained w^hen the plants were given 
sodium fluoride, show that the bound-water content of normal 
leaves is higher than that of the leaves of plants to which chlorides 
or bromides has been applied. The physicochemical effects produced 
by sodium fluoride indicate that the toxicity of this salt may possibly 
have interfered with the absorption of w^ater, thus causing more than 
the normal quantity of free water to be transformed to bound water 
and producing a condition similar to that which occurs during drought. 
While studying drought resistance in cereals, Harris and his co- 
workers, in an mvestigation cited by Gortner (J, p. 235-236)^ noted 
that as long as there is an abundance of moisture there is little tend- 
ency for the development of hydrophilic colloids and the elaboration 



May 15, 1933 Effects of Chlorine, Bromine, and Fluorine on Tobacco: 897 


of bound water but that with the onset of conditions of stress, as of 
drought, water is transformed from the free to the bound state. 

The moisture supply of tobacco plants growing in the field fluctu- 
ates over a wide range during the season. In the present experi- 
ments the moisture supply of plants grown in the greenhouse was 
maintained more nearly at the optimum. In physicochemical prop- 
erties the sap of plants grown in the field may therefore differ from 
that of those grown under glass. Data bearing on this question were 
secured by comparing the results of the greenhouse experiments 
(Table 1) with results obtained from tobacco leaves collected in the 
field in each of the two localities previously mentioned, namely, 
area 1, north of Durham, N. C., and area 2, south of Durham 
(Table 2). 

Table 2. — Effects of chlorides on physicochemical properties of the sap of leaves of 
tobacco plants grown near Durham, C., 19St 

AREA 1 (NORTH OF DURHAM) 


Effect of indicated quantity of chlorides on — 


Date of analysis 

Freezing-point depression 

Osmotic concen- 
tration 

Bound water « 



Normal 

Cl 

Excess 

Cl 

Normal 

Cl 

Excess 

Cl 

Normal 

Cl 

Excess 

Cl 

Normal 

Cl 

Excess 

Cl 

June 11 

June 23 

July 10 

July 24-- 

Average-- 

° C. 
0.968 
.590 
.706 
.828 

® C. 

0. 982 
.591 
.676 
.803 

° C. 
3.237 
2.800 
2.250 
3. 214 

° C. 
3.262 
2.765 
2.175 
3. 041 

Atmos- 

pheres 

11.66 

7.11 

8.50 

9.97 

Atmos- 
pheres 
11.82 
7. 12 
8. 14 
9. 67 

Per cent 
3.89 
2.74 

0 

11. 18 

Per cent 

4.30 

1.31 
0 

6.02 

.773 

.763 1 

2.875 

2.811 

9.31 

9. 19 

4.45 

2.90 


AREA 2 (SOUTH OF DURHAM) 


June 18 

0. 618 

0.567 

2.842 ! 

2.718 

7- 45 

1 

6.83 ! 

3.29 

0. 37 

Jime 24. ■ 

' . 785 

.848 

3.096 

3.087 

9.45 

10.21 1 

6.52 

3.86 

July 11 — ; 

. 643 ! 

.643 

2.130 

2.024 

7. 75 

7.75 

0 i 

0 

July 25 

.891 

.666 

3.160 

2.847 

10. 73 

8.02 ; 

7. 15 

3.84 

.Average. 

,734 

.681 

2.807 i 

2. 669 

8.85 

8.20 

4.24 

2.02 


« Freezing-point depression as determined by the Beckmann thermometer. 

Freezing-point depression of a volume of sap sufficient to contain 20 g of water in which 6.845 g of 
sucrose has been dissolved. 

c Computed from freezing-point-depression values. (Seep. 890.) 

In each of these two areas tobacco leaves were collected from two 
fields, in one of which chlorides had been appHed in excess, whereas 
in the other only the normal 2 per cent or less of chlorides in the 
fertilizer had been applied. The cblorine-injiired leaves selected for 
examination, all of which were taken from stunted plants, were 
curled and exceedingly brittle. 

Table 2 shows that on corresponding dates the freezing-point 
depression, the osmotic concentration, and the bound-water percent- 
age were, in general, greater in the normal leaves than in those 
injured by an excess of chlorides* 
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Moreover, the osmotic-concentration values of field-grown plants 
to which excessive applications of chlorides were made (Table 2) were 
not the same as those of plants grown under glass in the presence of 
an excess of sodium chloride or potassium chloride (Table 1). Such 
differences may be explained by the fact that there was less fluctua- 
tion in the water supply of plants grown under glass than in that of 
plants grown in the field. Since ''normaP^ plants (Table 2) were 
liberally supplied with essential minerals and the controls (Table 1) 
were grown in a soil deficient in minerals, the properties of the sap 
of these normal and control plants can not be expected to accord. 

It might be expected that the values for normal leaves in Table 2 
would exceed those of leaves injured by chlorine. The apparent 
inconsistencies may be partly due to lack of correspondence in age 
of the normal and the chlorine-injured plants. Both normal and 
chlorine-injured plants from w^hich leaves were taken for the analyses 
recorded in Table 2 were transplanted at approximately the same 
date. In both tables is shown a tendency toward increase in osmotic 
concentration vith increase in age of plants. It is well known among 
growers that the leaves of plants given an excess of chlorine mature 
later, by two weeks or more, than those of normal plants. Despite 
the apparent equahty in age, the chlorine-injured plants remained 
considerably smaller and hence were physiologically younger than 
normal plants set at the same date. 

Moreover, as previously stated (4), it has been found that excess 
of chlorine results in a low organic-acid content. The differences 
between the osmotic-concentration values of the sap of normal 
leaves and those of the sap of leaves of chlorine-injured plants may, 
therefore, be occasioned by the relatively high acid content of normal 
leaves and the low acid content of the chlorine-injured ones. 

So far as bound water is concerned, all data are in agreement in 
showing that there is relatively little tendency for the transforming 
of water from a free to a bound condition when chlorine is present in 
excessive amounts. 

SUMMARY 

Previous investigations have shown that moderate applications of 
chlorine stimulate the growth and increase the yield of tobacco. An 
excess of clilorine, however, interferes with normal carbohydrate 
metabolism and causes the leaves to become thick and brittle and to 
curl upward at the margins. Such leaves have a high starch content, 
a high water content, and a low organic-acid content. 

The present anatomical studies of leaves from nornial tobacco 
plants as compared with leaves from plants to which certain chlorides, 
bromides, or fluorides were applied show that these elements cause 
the leaves to become thickened by enlargement of the leaf cells. 
^¥hen the concentration of the halides is maintained at approximately 
the limit of tolerance, chlorine causes greater enlargement than does 
bromine or fluorine. 

Experiments with plants grown under glass in the presence of an 
excess of a single salt show that chlorine, bromine, or fluorine increases 
the osmotic concentration of expressed sap, as measured by depression 
of the freezing point. Increased osmotic concentration in tobacco is 
therefore correlated with enlargement of the leaf cells. The osmotic- 
concentration values tend to increase with the age of the plant. 
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The leaves of tobacco plants to which excessive amounts of chlorides 
or bromides have been applied have less bound water than the leaves 
of plants grown in a medium deficient in mineral nutrients. 

Tobacco responds to sodium fluoride by transforming free water 
to bound water in such quantities as to indicate that this compound 
induces a state of physiological drought. 

The sap of tobacco plants grown in the field in the presence of 
excessive amounts of chlorides had a lower osmotic concentration 
and less bound water than the sap of field-grown plants to wliich a 
liberal apphcation of a complete fertilizer had been given. The 
lower values of the sap of chlorine-injured leaves may be partly 
explained by physiological immaturity and low organic-acid content, 
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INFECTIOUS VARIEGATION IN THE APPLE ^ 


By F. C. Bradford, Research Associate in Horticulture, Michigan Agricultural 
Experiment Station, and Lloyd Joley, Student, Michigan State College^ 

INTRODUCTION 

The variegation of apple leaves discussed in this paper appeared as 
an unexpected complication in an experiment on double worldng, 
raising new questions which had to be answered before the study as 
originally planned could proceed with any prospect of definite results. 
Since this secondary study has reached a point where separation of 
horticultural and pathological aspects seems possible, and since it 
deals with a matter which has received rather scant attention, its 
salient points are placed on record, together with such historical data 
as are available. 

HISTORY OF THE DISEASE 

Under various names, variegation of apple leaves has been men- 
tioned several times in the literature. Stewart (12),^ in 1910, de- 
scribed sporadic cases found in New York State since 1896. In 1915 
Clinton (5) described a manifestation in Connecticut which may have 
been identical. In the following year Morse (9) reported, as a leaf 
trouble ^^new to Maine^^ the occurrence of chlorotic areas in leaves 
of Baldwin, Northern Spy, and Harvey. The appearance of the 
leaves shown in his photographs is in every way sinidar to that of 
the diseased leaves discussed in this paper. Blodgett and others ^ 
have reported as ‘^apple mosaic additional cases in New York, and 
have demonstrated that the disease is transmissible by budding and 
grafting. Blodgett states ® that specimen leaves from material used 
in the study here reported certainly look identicaP^ with the trouble 
he reported, that Whetzel has collected similar specimens in Michigan, 
and that others who have seen his specimens have recalled seeing 
similar cases in other States. 

In northern Germany Braun (2) reports as ^^BuntblatterigkeiU^ 
or ‘^Panaschierung ” the occurrence in 1928 of ^Svhite spots in other- 
wise sound green leaves” in scattered trees of the apple varieties 
Fettapfel and Rosenapfel. 

Though a rather extensive search of the classic papers on infectious 
variegation yields no mention of this disease in the apple, it is not to 
be inferred that it is particularly new. Inasmuch as the early Euro- 
pean reports have been overlooked or discredited, and inasnauch as 
they should constitute a rather important chapter in the history of 
infectious variegation, a detailed statement is presented here. 


1 Eeceived for publication Sept. 8, 1932; issued June, 1933. Journal article No. 116 (XJ. S.) from the 
Michigan Agricultural Experiment Station, 

2 The writers acknowledge their indebtedness to W. C. Dutton, of the Michigan Agricultural Experiment 
Station, for the photograph used and to Dr, Ray Nelson, of the Michigan station, and Dr. F, M. Blodgett, 
of Cornell University, for references to American phytopathological literature. 

3 Reference is made oy number (italic) to Literature Cited, p. 908. 

^ Orton, C. R., and Wood, J. I. diseases of fruit and nut crops in the united states in 1923, 
U. S. Dept. Agr., Bur. Plant Indus. Plant Disease Rptr. Sup. 33 ; 82. 1924- 
5 Blodgett, F. M. Correspondence. Aug. 16, 1932. 
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In 1867 Bossin (1), without giving citation, stated that Vibert had 
described a variety of apple with variegated leaves. This, according 
to Bossin’s recollection, occurred about 1827. Bossin made no men- 
tion of the variegation being infectious, though the nature of his topic 
gave him occasion to note a fact of this nature. 

In 1830 Sageret (11) stated that he had read in the Philosophical 
Transactions an account (presumably Cane^s (3) published in 1720, 
describing an observation made in 1692) of transmission of varie- 
gation from scion to stock in jasmine. In 1825 Noisette (JO), w^hose 
nursery was near Paris, had reported observing, on several occasions, 
transmission of variegation from scion to stock in several kinds of 
woody plants, which he did not specify. Apparently Sageret had 
not seen Noisette/s statement, for he mentioned the account of the 
jasmine without, as he said later (reported by Duchartre (0)) , giving it 
full credence, because he l\Jiew of no parallel case. Vibert, upon seeing 
SagerePs statement concerning the jasmine, reported to him that he 
had seen transmission of variegation in the apple. Some years later 
Vibert {13) gave an account of this occurrence, as follows: 

Some time ago, and during several years, I have seen, at the establishment of a 
brother of Noisette, the nurseryman, at La-Queue-En-Brie, apple trees which, 
having been shield-budded with varieties with variegated leaves, and their grafts 
failing from any cause wdiatever, none the less produced branches with variegated 
leaves. Astonished at this strange anomaly, I repeated at home the same opera- 
tion, on Paradise, using as scion the pommier ^ feuilles d’Aucuba. In the follow- 
ing spring I completely destroyed all my scions, and all the stocks produced 
shoots with leaves more or less variegated, even those whose grafts had perished 
after being inserted. 

Vibert recorded at the same time a similar subsequent experience 
with the rose on dog-rose stock. 

In 1839, according to Leroy (7, t\ S, p, 301-302) j the nurseryman 
Noisette gave the initial description of the “pommier a feuilles 
d’Aiicuba,’' so called because of its variegated leaves, and Leroy se- 
cured specimen trees from the vicinity of Paris at that time. Nois- 
ette^s mention in 1825 of transmission, his initial description of a 
variegated variety, and his brother’s experience seem to warrant the 
belief that the apple was one of the plants on which he based his 1825 
report. If it was not, Vibert had demonstrated transmission in the 
apple by 1S35, when Sageret reported Vibert’s statement, as mentioned 
by Duchartre {6). 

Sageret, having been somewhat sceptical of the jasmine case, en- 
countered similar scepticism of his own report concerning the apple. 
Morren {8) stated some years later: 

Pyrame de Candolle, Poiteau, and others of the time attached true importance 
to it, but without being convinced of its authenticity. Sageret’s observation w^as 
never cited except with hesitation. The new^ facts [i.e., those available in 1870] 
established the truth of the phenomenon in an incontestable manner. 

Apparently^ Sageret’s report came too early. Had it been made in 
1870 its historical importance in antedateing nearly aU of the better 
known cases would undoubtedly have gained wider recognition. 

Other reports indicating infectious variegation in the apple are rare 
and vague. A specimen submitted by Simirenko, as reported by 
Carriere and Andre (4) in 1889 suggests a manifestation of infectious 
variegation, but is not evidence. Consideration should, however, be 
given the fact that trees raised in well-conducted nurseries have little 
opportunity of manifesting variegation in the seedling roots where the 
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potentiality for manifestation is greater. Leroy cultivated the pom- 
mier a f euilles d'Aucuba in Ms nursery at lingers, and stated in 1873 
that it was more notable for its variegation than valuable for its fruits 
and that nurseries were no longer interested in it, but he made no 
mention of infectiousness of the variegation. Leroy training and 
interests seem to warrant the inference that had he noted the occur- 
rence he would have recorded it. If the variegation in Leroy trees 
was not infectious, Noisette’s trees of the same variety manifested the 
not impossible but highly improbable coincidence of Infectious varie- 
gation with a noninfectious variegation. The probability is, there- 
fore, very strong that Leroy cultivated infection-carrying trees with- 
out noting the infectious nature of the variegation. Others may have 
done the same thing. 

METHODS 

In the spring of 1928 the Department of Horticulture of the Michi- 
gan Agricultural Experiment Station began an experiment designed 
to determine whether the practice, rather common among nurserymen, 
of working certain weak-growing varieties of pear and apple on vigorous 
intermediate varieties has any effect beyond making a good nursery 
tree. For stocks, 2-year-old apple seedlings, raised at East Lansing 
in 1926 and lined out for one year, were used. These were grafted 
close to the ground (but Mgh enough to preclude scion rooting) with 
scions of the Red Canada (Steele Red apple and of other varieties 
designed to serve as intermediates to Steele. The Steele scions were 
secured from an orchard at Ovid, Mich., where they were grown as 
top grafts on Tolman Sweet. The further history of this strain is not 
known beyond the fact that the scions were secured by the late T. A. 
Farrand from an orchard wMch he described as the best Steele or- 
chard in Michigan. No other Steele grafts or buds were used in the 
nursery until 1931. 

During the growing season of either 1928 or 1929, small spots, 
some yellow and some cream wMte, of irregular outline (fig. 1), were 
noted on some leaves of the Steele grafts, but no significance was 
attached to them, and the work of building double-worked trees went 
ahead in 1929 and 1930, according to the original plan. When the 
leaves opened in 1930, a seedling wMch had been unsuccessfully 
grafted with Steele in 1928 showed yellow spotting in a very pro- 
nounced degree. Further examination revealed several other seed- 
lings similarly affected; in all cases, however, they were seedlings 
which had been grafted to Steele, unsuccessfully. Variegation was 
found on a considerable number of living Steele scions, and in a few— 
not all^ — cases where seedling sprouts had not been completely elimi- 
nated variegation was found on their leaves. On a few trees which 
had been root-grafted in 1927 and top-grafted to Steele, w4th scions 
of the same origin, variegation was found in Steele leaves, in leaves 
of the Nixonite intermediate, but not in leaves of Virginia Crab used 
as an intermediate. Careful scrutiny of every tree in the nursery 
revealed no variegation in any tree except some of those wMch had 
been grafted, successfully or unsuccessfully, to Steele. 

The manifestly infectious nature of this variegation raised two 
questions: (1) Whether the disease is endemic in the Steele variety 
and (2) whether other varieties are resistant or immune. 


® In MieMgan two distinct strains of Red Canada have been recognized, and one has been designated 
Steele, the name used in this paper. Themateriaiused was supposedly of the Steele strain. 
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Tile belief that the disease might be endemic was strengthened by 
vague reports that this variegation is more or less characteristic of 
Steele in the nursery. Though an inspection of all trees of this va- 
riety in two large nurseries in June, 1930, revealed no trace of varie- 
gation, the question was not regarded as definitely settled inasmuch as 
variegation had been found on seedling sprouts of trees whose Steele 
leaves showed no trace of it, and this seedling index was unavailable 
in most of the nursery trees. In addition, the usual slow growth of 
Steele trees and the common lack of vigor in variegated plants seemed 
to lend some support to this view. Accordingly, in the spring of 



Figure 1.— Apple leaves showing infectious variegations 


1931, scions from two other orchards, as well as those tracing to the 
original diseased strain, were used. Grafts of several other varieties 
were set on seedlings, high enough to permit retention of seedling 
leaves as indicators of transmission. These were budded in the 
ensuing August, record being kept of the source of buds in each case. 
With the unfolding of the leaves in 1932, the eftects of these various 
manipulations could be appraised. 

In 1930 variegation was recorded by the senior author; in 1931 and 
1932 by the junior author. Since di&rentiation between very small 
spots due to variegation and others due to insects is a rather nice 
matter, the junior author made his diagnosis in ignorance of the 
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history of the trees, which were marked only by jumbled numbers. 
This removal of personal bias makes some of the findings particularly 
striking. Variegation was arbitrarily recorded as “trace^^, ^^nioder- 
ate/’, and ^Tieavy.’V Though no rigid standard was maintained, 
classification was made on the basis of conspicuousness, w^hich, ana- 
lyzed, signifies the development of large variegated areas rather than 
number of leaves affected. 

RESULTS OF EXPERIMENTS 

Three-year records (1930-1932) are available for 109 trees of Steele 
worked directly on seedlings. Of the 40 which showed variegation 
in the first year, 33 have shown it in the other two. Of the 69 which 
showed no variegation in 1930, 47 showed it in 1931 ; of the remainder, 
11 showed it in 1932. Only 11 have shown no variegation in any of 
the three years. It is possible that some of these are free from varie- 
gation, since four buds from one of them set in Fameuse grafts in 1931 
failed to produce variegation, a sequence not equaled in any budding 
from trees obviously infected. The increase in percentage of trees 
affected from 1930 to 1931 is not interpreted as evidence of the spread 
of the disease from tree to tree, for trees not grafted to Steele, al- 
though intermingled freely with those that were grafted to Steele, in 
no case developed the disease. 

In these first trees propagated before variegation was recognized, 
efforts were made to prevent development of sprouts from the seed- 
ling stocks. Consequently data on transmission to the stocks must 
be drawn from observations on generally very reduced sprouts on 40, 
35, and 26 trees in the respective years. The small number of grow- 
ing points on these sprouts obviously reduced the chances of observa- 
tion. In those cases in which observation was possible, however, 
variegation was found in 15 per cent in 1930, 34 per cent in 1931, and 
19 per cent in 1932. 

More reliable figures on transmission to seedlings are available 
from 93 grafts of the same strain set higher on seedlings in May, 1931. 
In June, 1932, 63 per cent of these scions and 46 per cent of their 
stocks showed variegation. No explanation is offered for the smaller 
percentage of variegation on the older trees in 1932 beyond the possi- 
ble effect of transplanting on a portion of them. Those that were dug 
in the fall of 1931 and reset in the spring of 1932 showed much less 
variegation in the following summer. 

Steele scions from another orchard were set in the spring of 1931. 
Of these, 109 were set on seedlings and 60 top-worked into various 
varieties, and in the following August 58 buds from these scions were 
set. In all, then, 257 opportunities were afforded this lot to show 
variegation; actually, 1 case was found. Accounting for this single 
case is not attempted; a mixture of scions is possible, since on one or 
two occasions the operator carried two lots at the same time. Nine 
scions from a third orchard failed to develop any visible variegation 
or to transmit it to young seedlings, and 112 of them top -worked into 
a matxire tree failed to develop any sjrmptom of variegation. Appar- 
ently, then, infectious variegation is not universal in this variety. 
On the other hand, buds taken from a mature Steele tree in the 
college orchard in 1931 developed variegation in stocks on which 
th^ were worked, and in shoots developing them, though examina- 
tion of this tree in 1930, 1931, and 1932 revealed no variegation. 
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^ Tlie best coiiiparable data available on varietal susceptibility is 
that afforded by the grafts and buds set in 1931, as recorded in June, 
1932. These are presented in Table 1. These percentages would 
probably be greater if the experiment were continued another year, 
but it appears at present that Tolnian Sweet and Northern Spy are 
much less inclined to show variegation than the other varieties. 
Not only is the percentage of visibly affected trees smaller, but the 
amount of variegation as measured by percentage of leaves and area 
per leaf involved is distinctly lower. 


Table 1. — Appearance in 1932 of infections variegation in apple trees of several 
varieties top-worked with infected Steele scions in 1931 


Intermediate variety 

Trees 

observed 

Variegation shown in— 

Steele 

scion 

Inter- 

mediate 

Seedling 

stock 


Number 

Per cent 

Per cent 

Per cent 

None (worked direct) - 

93 

63 


46 

Tolmah Sweet 

44 1 

57 

9 

9 

Wolf Biver 

19 j 

95 

47 

44 

Northwestern Greening 

14 

100 

79 

21 

Faineuse 

69 

64 

42 

22 

Delicious.. 

17 

77 1 

63 

(a) 

Yellow Bellflower 

10 

50 

40 

(6) 

Oldenburg ( Duchess) 

9 

100 

38 

38 

Northern Spy 

16 

56 

0 1 

13 

Virginia Crab.. ... 

26 

71 

46 ' 

C«) 


« Boot-grafted. 

No observations possible. 


The danger of attaching significance to one year's results is illus- 
trated by the Virginia Crab. Eight nursery trees of this variety were 
top-worked in 1928 with Steele scions which subsequently proved to 
be variegated; others were top-worked with similar scions in 1930 
and 1931. Variegation appeared in the Steele scions rather con- 
sistently in 1930 and 1931, but none was found in Virginia Crab, and 
until the leaves unfolded in 1932 this variety was regarded as immune. 
In these earlier propagations comprising 35 trees the sole case of 
variegation in Virginia Crab occurred in 1932. The figures presented 
in Table 1 represent a later propagation and present a totally diSerent 
condition. 

The lower percentage of seedling stocks showing variegation, as 
contrasted with the grafts set on them, has been attributed to the 
smaller number of leaves available for observation, rather than to 
resistance. This view is taken because of their more pronounced 
manifestation of variegation when it does occur. Without exception, 
the proportion of cases of pronounced variegation to all cases found 
was higher in seedling stocks than in the scions (Table 2). The small 
number of observations vitiates the results with Oldenburg, North- 
western Greening, and Northern Spy, but the consistency of the 
direction of the differences compensates in some measure for the 
paucity of material. Apart from this consideration, any attempt to 
differentiate between conditions which might be distinguished as 
susceptibility, manifestation of infection, tolerance, or resistance 
W'Ould be unwarranted on the basis of the evidence here available. 
Since varieties appear to differ, at least in them manifestation, seed- 
lings probably do likewise. Consequently triple-worked trees, or 
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clonal rootstockS; would be necessary for further progress in this 
direction. 


Table 2. — Percentages of variegation cases classified as pronounced. 


Name of intermediate 

Steele 

i 

Interme- 

diate 

: Root 

! 

'Direct 

25 

L, ' i 

36 


IS 

' IS- 

I 58 

Tolman Sweet __ _ 

25 

0 

11 

50 

88 

Wolf River.. 

22 

Oldenburg--, - 

22 

0 i 
8 

33 

Northwestern Greening - 

6 

33 

Northern Spy ■ 

0 

(«) 

50 


Combined 

20 

13 

4(5 



» No variegation recorded. 


Transmission from stock to scion has occurred. Scions uninfected 
when set in 1931 into a mature tree, which in 1930 had shown a slight 
evidence of variegation, were rather heavily infected in 1932, though 
traces on the stock were still very inconspicuous. Variegated scions 
set in mature trees produce variegation which spreads throughout 
the tree, even to the tips of ungrafted limbs. 

No indication of rapid spread of this disease from tree to tree has 
been observed. With the one exception already noted, no case has 
been found in the nursery which could not be traced to a graft, 
successful or unsuccessful, with infected scions. Infected and unin- 
fected trees have been intermingled thoroughly, and no effort at 
insect control has been made. Spread through meeting and natural 
grafting of roots seems entirely possible, since sprouts originating on 
roots below ground have shown variegation, but no such case has been 
observed. 

No opinion can be advanced here as to the effect of this disease. 
Two mature variegated trees are dying back at the tips of the 
branches; two others are distinctly subnormal, but since these trees 
have other troubles their weak condition can not be definitely attrib- 
uted to variegation. In the nursery, variegated trees have shown no 
noticeable diminution of vigor. 

Other cases showing identical symptoms have been observed. 
Twm mature trees, one of the variety Marks and the other unidenti- 
fied, in the college orchard have given clear, if inconspicuous, indi- 
cation of the disease; a tree of Star has become infected by infected 
grafts, and a cion of root sprouts taken in 1926 from a tree since re- 
moved from the college orchard is thoroughly infected. Single cases 
occur in other parts of Michigan, involving mature Baldwin, Wolf 
River, and Fameiise trees; in one case variegated leaves were sent in 
as specimens of spray burn. Transmission from variegated Baldwin 
scions tlirough a mature Wolf River tree to other Baldwin scions has 
occm'red at the Graham Horticultural Experiment Station, Grand 
Rapids, Mich. 

Attention is called to the apparent suitability of the apple as ma- 
terial for fimdamental investigation of infectious variegation. The 
large number of clonal varieties with clear and well-recognized differ- 
ences in vigor and responsiveness to environmental conditions, to- 
gether with the general ease of handling the apple in the field and 
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in the laboratory, provide an imxisually good foundation for patho- 
logical studies. 

SUMMARY 

Attention is called to the fact that one of the first cases of infec- 
tious variegation recorded was in the apple. 

Varieties of apple differ, if not in susceptibility, at least in mani- 
festation of infectious variegation. 

None of the varieties tested is regarded as wholly immune. 
Seedling stocks showed higher proportions of pronounced mani- 
festations of this disease than did the varieties worked on them. 

Buds taken from a tree showing no variegation produced it in 
seedling stocks. 

Isolated apparent cases of variegation on several varieties are 
mentioned. 

The effect of the disease on the tree has not yet been determined. 
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EXPERIMENTS ON THE CONTROL OF SEED-BORNE 
DISEASES BY X RAYS' 

By W. R. Taschek 

Assisia7it Professor, Department of Field Crops, Missouri Agricultural Experiment 

Station 

INTRODUCTION 

Seed-borne diseases are those whose causal organisiias are carried 
either within, or upon the surface of, the dormant seeds. The plants 
from infected seeds may develop serious seedling infections or, in 
case the disease is systemic, disorders in the mature plants. There 
are a number of crop seeds which carry the causal organisms of 
economically important diseases. 

The losses resulting from seed-borne diseases vary, depending on 
the areas under consideration and the care used in seed selection. 
In some cases they have been estimated at as much as 10 per cent 
of the crop {2)} Among the organisms that infect corn, four were 
selected for the purpose of this study: Diplodia zeae (Scliw.) Lev., 
GibbereUa saubinetU (Mont.) sacc., Fusarium fnoniliforme Sheld., and 
Cephalosporium acremonimn Cda. Of these D. zeae and G. sauhinetii 
are probably the most serious, especially from the standpoint of 
corn-seedling injury. Other organisms studied were loose smut, 
Ustilago tritici (Pers.) Rostr., and bunt, Tilletia leirls Kuhn, of wheat; 
loose smut, V. nuda (Jens.) Kell, and Sw., of barley; and loose smut 
IL avenae (Pers.) Jens., of oats. 

The recommended control of these organisms includes the appli- 
cation of germicides to the seed surface, and temperature treat- 
ments. Carefully conducted tests have indicated that organic 
mercury compounds are valauble in the control of certain organisms 
attacking corn. Copper carbonate and formaldehyde are widely 
used in the control of certain cereal diseases, and hot-water treatments 
have been used successfully in controlling loose smut of wheat. 

The problem of controlling seed-borne organisms with X rays 
involves a study of the host reaction as well as that of the parasite. 
The X-ray treatment should not injure the host. Additional prac- 
tical considerations are the efficiency of this treatment as compared 
with others and the cost. The use of X rays would permit treatment 
at any time before planting and would not unfit the seed for food 
purposes as do many chemicals. 

REVIEW OF LITERATURE 

The results obtained by using X rays as the sterilizing agent have 
varied. Much work has been done on the treatment of bacteria, 
especially those parasitic on man. Only those references dealing 
with the irradiation of plants will be cited. 


1 Received for x>ublication Aug. 9, 1932; issued June, 1933. Contribution from the Department of Field 
Crops, Agricultural Experiment Station, University of Missouri, Journal Series No. 344. A part of a thesis 
presented in partial fulfillment of the requirements for the degree of doctor of philosophy under the direction 
of Dr. "L. J. Stadler. ■ 

2 Reference is made by number (italic) to Literature Cited, p. 914. 
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Trumbull and Hotson {12) tried X rays as a means of controlling 
Fames pinicola (Fr.) Cke. on logs of fir and western hemlock^ but 
without success. Levin and Levine (5) inoculated a series of castor 
beans, Ricinus communis^ with Bacterium tumejaciens EFS. and 
Town, and immediately afterwards subjected the inoculation site to 
X rays. Six treatments given at intervals of two days prevented the 
development of tumors, apparently with no injury to the host plants. 
Rivera (9) described the successful control of Bact. tumejaciens tumors 
on castor-beans and geranium plants. In a later paper {11) he 
concluded that the preventive action was a function of the effect 
of radiation on the host tissue rather than on the bacterial cells. 
Nadson and Philippov (7) found the vegetative tissue of Mucor more 
resistant to X rays than were the sporangia. Small doses appeared 
to stimulate the development of M. genevensis, 

Rivera {10) irradiated cereal seeds heavily infected by smut fungi. 
The treated cereals produced 36.1 per cent infected spikelets, and the 
untreated produced 36 per cent. Picliler and Wober {8) obtained 
favorable control results with spores of Tilletia tritici (Bjerk.) Wint. 
The killing action was augmented by increasing the acidity of the 
medium in which the spores were irradiated, particularly in the 
presence of oxygen or oxygen-yielding substances. Irradiated seed 
appeared to be injured slightly by the treatments, but potato tubers 
treated for the control oi Chrysophlyctis endobiotica Schilb. were not 
injured. Preliminary observations by Mulvania (d) showed that X- 
ray treatments on the virus of tobacco mosaic had no apparent 
effect. Johnson {4) found that Sclerotium bataticola Tsiuh,, Collybia 
dryophila Fr., and Fusarium batatatis Wr. were unaffected by X-ray 
treatments. 

EXPERIMENTAL PROCEDURE 

In the study reported in this paper two phases of the problem of 
controlling seed-borne diseases by X rays were considered — the reaction 
of pure cultures of the fungi, and the reaction of the host and asso- 
ciated parasite to X rays. 

The pure cultures were obtained from the botany department of 
the University of Missouri, with the exception of Diplod/ia zeae which 
was isolated from a corn seed. 

Streak transfers were made to thin layers of potato-dextrose agar 
in Petri dishes. The cultures were incubated from thi-ee to five days 
before irradiation. Immediately before irradiation the colonies in 
each Petri dish were cut into small squares (3 to 4 mm). During 
irradiation the Petri dish covers were removed and replaced by a 
washed photographic film. The four fungi, each in a separate Petri 
dish, w'ere irradiated simultaneously. After treatment the squares 
were removed from the culture and transferred to a Petri dish con- 
taining potato-dextrose agar. The effects of irradiation were noted 
after incubating the squares eight days at 28° C. 

An old model Kelly-Koett X-ray machine was used. Intensity 
measurements were made with a Victoreen iontoquantimeter. A 
description of the dose given in each treatment includes the peak 
voltage, milliamperage,, distance of the target from the material 
being X rayed, the length of exposure, and the dose in International 
r unite per minute. 

Lots of corn seed infected with Diplodia zeae and Gibberella sau- 
binetii and nearly diseaBc-free s^l'Were obtained from Dr. J. R. 
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Holbert, Bloomington, 111. _ The corn seeds for the isolation experi- 
ments were treated, germ side up, in a layer one seed deep. Those 
for the field experiments were exposed at random in a layer approxi- 
mately three seeds deep. 

The presence of internal parasites in the corn seeds was investi- 
gated by germinating the seeds on standard potato-dextrose agar at 
28° C. The method used was similar to that of Chen (f ). 

The field plantings were in a fertile silt loam. The rows were 30 
inches apart and the seeds 6 inches apart in the row. 

The infected wheat, barley, and oats were secured from the Missouri 
experiment station, 

TREATMENT OF PURE CULTURES OP FUNGI 

Preliminary experiments with pure cultures of Penicillmm sp,, 
Aspergillus sp. and Diplodia zeae showed that exposure to X rays 
decreased the rate of growth of the fungi and that large doses caused 
death or inactivation. However, the doses required to kill the fungi 
in pure cultures seriously injured dormant corn seeds. 

Cultures of Diplodia zeae, Gibberella saubinetii, Fusarium monili- 
forme, and Cephalosporium acremonium were X rayed at different 
temperatures in order to establish their lethal doses and to determine 
the effect of temperature on the lethal doses. The cultures were ex- 
posed to the respective temperatures for 10 minutes preceding the 
treatment and during the period of treatment. Table 1 summarizes 
the effects of X rays, on the mycelium and spores of fungi at various 
temperatures. 

Table 1. — Effect of X rays on mycelium and spores of f ungi in culture at various 
temperatures as determined by the development of X-rayed transfers 

[120 k. V. (peak), 4 ma., 16 cm target distance; 375 r units each minute] 


in 


130 


+ 

+ 


+ 

+ 

+ 


+ 

+ 


« Plus sign indicates growth; minus sign no growth. 

The resistance of Fusarium monUiforme and the susceptibility of 
Diplodia zeae indicate a wide range in the tolerance of different fungi. 
The order of susceptibility to X rays was J9. zeae, Gibberella savFi- 
netii, Cephalosporium acremonium, BJid F. moniliforme. 


Tempera- 
ture (C®) 


Fungus 


Development after being X rayed for indicated period 
minutes « 


30 


100 


no 


30- 


*40- 


50- 


Diplodia zeae. 

Gibberella saubinetii.. 

Fusarium monUiforme 

Cephalosporium acremonium. 

Diplodia zeae... 

Gibberella sau^in4n...r'l...... 

Fusariu m.W$^nfor me 

Cephalmp&r'tum 'acremonium. 

Diplodia zeae 

Gibberella saubinetii 

Fusarium monUiforme 

Cephalosporium acremonium.\ 

Diplodia zeae — . 

Gibberella saubinetii 

Fusarium monUiforme 

Cephalosporium acremonium 

Diplodia zeae... 

Gibberella saubinetii 

Fusarium monUiforme 

Cephalosporium acremonium 


H-w: 

+ 

+ 

+ 

+ 

+ 

+ 

+ , 
+ 

+ 1 
+ 

+ 

-h 

+ 

+ 

+ 

+ 

+ 
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The susceptibility of the fungi to X rays was mcreased by ex- 
posure to high temperatures. Cultures of the fungi used showed no 
pronounced effects of exposure to the temperatures alone. It is 
probable that the cultures X rayed at the extreme temperatures 
were not at the designated temperature throughout the X ray period 
because of the short pretreatment exposure of 10 minutes. 

Diplodia 2 eae, when X rayed at 10^^ C. resumed growth after 
several days. After three days^ incubation only a trace of mycelial 
development was noted in each of the cultures. Two days later 
large colonies had developed in those receiving 70 and 90 minute 
treatments, but there was little or no further development in the 
remaining cultures. Five days later the latter showed definite growth. 

Of the cultures X rayed at 20^ C. only the culture receiving the 
70-minute treatment resumed growth at the end of the 10-day ob- 
servational period. 

The fungi used grew as well on X-rayed agar as on the unirra- 
diated in these tests. However, it is possible that the X-ray treat- 
ment affected the medium on which the cultures had been growing, 
thus accounting wholly or in part for growth differences. 

DvplodAoi zeae did not develop spores after a 4-day incubation at 
28^^ C., while the remaining three fungi produced fruiting bodies to 
some extent. ClJamydospores were produced by Oibberella saubinetii. 
The presence of occasional resistant spores in these cultures may 
have accounted for the growth in the culture receiving the 70-minute 
treatment at 40°. 

TREATMENT OP INFECTED CORN SEEDS 

Corn seeds infected by Diplodia zeae and Gibberella saubinetii were 
used, since these fungi are most susceptible to X rays in pure cultures 
and are of more economic importance. 

X-ray treatments (120 k. v. (peak), 4 ma., 16 cm target distance, 
80 minutes, 375 r units per minute, 50° C. temperature) in the dor- 
mant stage of infected seeds did not kill the seed-borne fungi as 
shown by the vegetative growth made on potato-dextrose agar. Tliis 
dose injured the corn seeds severely. The fungi in pure cultures are 
more susceptible than those in the dormant host. This is probably on 
account of the inactive and resistant form of the parasite and the 
partial absorption of the X rays by the seeds. 

Treatments designed to increase the susceptibility of the parasite 
without increasing that of the host were attempted. Dormant corn 
seeds were exposed three days to air saturated with water vapor at 
30° C. The control of Diplodia zeae was not effected by an X-ray 
dose distinctly injurious to the host. Com seeds soaked for periods 
of 15, 30, 60, 120, and 240 minutes were not freed of D. zeae by an 
X-ray treatment suffcient to cause injury to the seed. Increasing the 
moisture content of the corn seeds to 30 per cent did not markedly 
increase the susceptibility of the parasite. The degree of infection 
resulting from Z>. zeae appears to decrease to some extent in X-rayed 
seed corn, with storage. 

FIELD TESTS 

In order to test further the effects of X rays on seed-borne organisms 
dormant com seeds infected with Diplodia zeae and Gibberella saubi’- 
netii were X-rayed and planted immediately in the field. Seeds 
that had received an organic mercury treatment, as recommended 



May 15, 1933 


Control of Seed-Borne Diseases by X Rays 


913 


Holbert, Eeddy, and Koehler (S), were also planted in order to 
compare the effects of the two methods of treatment. 

Forty kernels were used in each experiment and were planted 1 foot 
apart in the rows. Four plantings were made at weekly intervals. 
Infected seedlings were identified by examination of the roots and 
mesocotyls. 

Control of the seed-borne diseases was not effected by the range of 
treatments used. Total doses of from 375 to 12,000 r units showed no 
effect except a definite decrease in plant growth when the larger doses 
were used. X rays having a range of wave lengths obtained by 
voltages of 56, 78, 120, and 120 k. v. filtered tlmough 1 mm of copper 
had no effect on the percentage of infection. Intermittent treat- 
ments given at weekly intervals did not add to the preventive action. 
The organic mercury treatment decreased Diplodia zeae infection ap- 
proximately 50 per cent but had no effect on Gibberella saubinetii. 
There was no evidence of stimulation in any of the treatments. The 
diseased plants were distinctly inferior to those produced by the nearly 
disease-free corn. 

TREATMENT OF INFECTED CEREAL SEEDS 

Wheat seeds infected with Ustilago tritici were X rayed (107 k. v. 
(peak), 4 ma., 16 cm target distance, 370 r units each minute, seeds 
1 cm deep) in the dormant and germinating stages. A treatment of 
30 minutes in the dormant stage reduced the percentage of infection 
to approximately one-third that of the untreated seeds and noticeably 
injured plant growth. 

Germinating wheat seeds (soaked 12 hours, aerated 12 hours) were 
X rayed 5 minutes (375 r units each minute). Complete control of 
the fungus resulted, but the plants received serious injury. A 2)^- 
minute treatment decreased infection approximately 50 per cent and 
also injured the plants. An equivalent treatment, a )^-mm copper 
filter being used, reduced infection to approximately one-eighth that 
of the check without serious injury to the plants. 

Dormant wheat seeds infected with Tilletia levis were treated 
similarly. Infected heads were observed in the plants that had re- 
ceived the 40-minute treatment. The percentage of infection of the 
untreated lot was too small to determine the extent of control. 

An X-ray treatment (140 k. v. peak), 4 ma, 24 cm target distance, 
240 r units each minute, seeds 1 cm deep) of dormant barley seeds for 
68 minutes slightly reduced the infection of Ustilago nuda and notice- 
ably reduced the stand and vigor of the plants. A 16-minute treat- 
ment of germinating barley seeds (soaked 8 hours, aerated 12 hours) 
effected complete control but reduced the stand to less than 5 per 
cent that of the untreated seeds. 

X-ray treatments applied to oats in the germinating stage were 
more effective in the control of Ustilago avenae than were those ap- 
plied to the dormant oat seeds. Doses (140 k.v. (peak), 4 ma., M 
cm target distance, 240 r units each minute, seeds 1 cm deep) applied 
for 17 minutes to dormant seeds reduced infection approximately AO 
per cent. An X-ray treatment of 68 minutes did not reduce infection 
further. Infection was reduced approximately 25 per cent in the oats 
treated in the germinating stage (soaked 4 hours, aerated 4 hours) 
for 33 minutes, but the mature oat plants were slightly injured. This 
suggests that some of the organisms are more susceptible to X rays. 
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These treatments indicate that the differentials used in the killing 
points of the hosts and parasites are not large enough to allow control 
without serious injury to the hosts. Germinating the seeds affected 
the differential favorably. The complete control effected in the case 
of loose smut of barley suggests the use of X rays in investigations 
where chemical residues are not desired, and where a fraction of the 
original host population is siijficient. 

Negative results secm^ed by other workers, where comparisons 
could be made, may be ascribed to too short a period of treatment 
with X rays. 

SUMMARY 

The control of seed-borne diseases by X rays depends on the 
differential in the Idlling points of the hosts and their parasites. This 
differential was found not to be sufficient to permit the complete 
control of the organisms studied. 

Wliile Diplodia zeae was quite susceptible to X rays in the actively 
growing cultures, it was extremely resistant in the dormant corn seed. 
This probably is due to the inactive condition of the organism, the 
presence of resistant spores, and the absorption of radiant energy by 
the seeds. An X-ray dose several times the lethal dose for corn was 
required to affect the organism. 

The decreasing order of tolerance of the fungi used in culture was: 
Fusarium monilijorme, Cephalosporium aeremonium, Qihberella sanbi- 
netii^ and Diplodia zeae. The possible presence of spores in all but 
Z>. zeae at the time the fungi were X rayed may account for their 
greater resistance. 

Supplementary treatments used in an attempt to modify the 
fungus or host in order to obtain a more favorable difference in killing 
points were not successfuL The treatments affected the host and 
parasite similarly. 

The organic mercury treatment was effective in partially controlling 
Diplodia zeae but appeared to be ineffective with Qibherella saubineiti. 

X-ray treatments of dormant wheat, barley, and oat seeds infected 
with Ustilago triiicij Tilletia letis, Ustilago nuda^ and V. avenae, 
respectively, did not effect control. 

X-ray treatments of germinating seeds significantly decreased the 
percentage of loose smut of oats and completely controlled loose 
smut of barley, although germination was decreased to as low as 
5 per cent in the barley. 

Seeds as well as fungi vary widely in their lethal X-ray doses. It 
is possible that seeds requiring large lethal doses may be infected by 
fungi requiring small lethal doses, in wMch cases control by X rays 
may be effective. 
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EFFECT OF LONG-CONTINUED MUSCULAR EXERCISE 
UPON THE CHEMICAL COMPOSITION OF THE MUSCLES 
AND OTHER TISSUES OP BEEF CATTLE' 

By H. H. Mitchell, Chief in Animal Nutrition, and T. S. Hamilton, Aswciate 
in Animal . Nutrition j Department of Animal Husbandry, Illinois Agricultural 
Experiment Station - 

INTRODUCTION 

The quality and palatability of meat are dependent to a great 
extent upon the chemical and physical properties of the lean, which 
consists largely of muscle tissue. Among the factors affecting the 
quality of lean, therefore, muscular exercise very well be of out- 
standing importance. Attempts to modify the composition of lean 
meat by varying the ration fed to the animal have not been successful, 
since it is evident that cellular protoplasm is capable of maintaining 
its composition in the face of a varying food supply. But variations 
in the intensity of functioning of muscle are known to occasion varia- 
tions in the content of certain of its constituents. 

Many investigations have been concerned with a study of the effect 
of contraction upon the composition of muscle, and much light, espe- 
cialty in recent years, has been thrown upon the problems of muscular 
metabolism and of the origin of muscular energy. But the ephemeral 
changes associated with contraction, relaxation, and recovery are not 
of direct importance to the question of the differences in the composi- 
tion of meat in an animal accustomed to muscular exercise and in one 
unaccustomed to muscular exercise. The effects of muscular training 
on the composition of muscle tissue may be expected to be of a much 
more permanent nature. 

REVIEW OF LITERATURE 

Rogozinski found that the muscles of a dog that had been 

worked for 12 days contained less water and less fat than did those 
of a dog that had not been wwked. However, the data obtained in 
an experiment with another pair of dogs did not support the conclusion 
that long-continued work causes a withdrawal of water, Gerhartz 
(12) experimenting with two pairs of dogs, confirmed the conclusion 
that muscular work decreases the water content of muscles. On the 
other hand, Enibden and Habs (8) and Procter and Best (22) found 
no such effect of trainmg. 

The most consistent outcome of experiments concerned with the 
effect of long-contmued muscular work on the chemical composition 
of muscle relates to the content of glycogen. Although the immediate 
effect of muscular contraction is to lower the glycogen stores, even 


1 Beceived for publication Nov. 2S, 1932; issued June, 1933. 
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to almost complete exiiaiistion in the 'case of protracted work/ the 
repeated performance of muscular work lias been found , in many 
experiments, to increase markedly the glycogen content of muscle, 
as niiicli as two or three times the normal value, according to Embden 
and Habs (S), who used rabbits trained for periods of 2 to 6 weeks. 
The high content of glycogen in the trained muscles disappears very 
gradually after the training period is terminated. ^ Procter and Best 
(ff ) in their experiments on dogs found that training periods of 7 to 
16 days induced a marked increase in glycogen storage in muscles, 
but that longer periods of training, 20 to 42 days, produced no dis- 
tinct effect. These results suggested to the authors that there is an 
optimum period of training for the production of increased glycogen 
stores and hence that these induced excessive stores are not an essen- 
tial concomitant of inereased ability to perform muscular exercise. 

The eff‘ect of muscular training on the creatine content of muscle 
has not been so clearly determined. The most comprehensive of 
recent iiivestigations concerned with tliis question are those of Palladin 
and Ferdmann (21)^ who experimented with rabbits. Muscular stim- 
ulation was brought about by an induction current, applied over the 
biceps femoris of one leg, the biceps femoris of the other leg serving 
as a control. In the first experiment, two rabbits w^ere killed after 
a 5-minute period of stimulation, and the tw^o biceps femoris analyzed. 
In both rabbits, the stimulated muscle was greatly impoverished in 
glycogen and contained approximately 4.5 per cent more water than 
did the unstimulated. The percentage of creatine on the fresh basis 
was low^er in the stimulated muscle than in its control, but expressed 
either on the dry basis or as a percentage of the total nitrogen con- 
tent, the percentage of creatine was very nearly the same in stimu- 
lated and iinstimiilated muscle. An entirely different result was 
obtained, how^eyer, when repeated stimulation to induce a condition 
of muscular training was resorted to. When a 3-mmiite stimulation 
was repeated every 4 hours for periods of 5 to 15 days and when 
the rabbits were sacrificed for chemical examination 48 hours after 
the last stimulation, the creatine content of the trained biceps femoris 
was markedly increased over that of the untramed in eight experi- 
mental animals. The glycogen content was increased also, while in 
tw"o of the rabbits on which determinations are reported, there was 
no difference in moisture content. One or twm days training w^as 
not sufficient to bring about these results, and it wms also shown, in 
other rabbits, that the effect on the creatine content of the muscle 
had largely disappeared in 2 or 3 days and entirely in 6 days. The 
increased glycogen content was plainly evident after six days. 

In apparent contradiction to these excellent and consistent experi- 
ments of Palladin and Ferdmann may be cited the earlier negative 
experiments of Mellanby (18) on isolated frog muscle and rabbit 
muscle in situ, and of Brown and Cathcart (5) on decerebrated frogs 
and later on rabbits. In fact, in the latter case stimulation appeared 
to have depressed the creatine content of muscle. However, these 
experiments did not involve the training of muscle, but rather short- 
time stimulation. In the experiments of Embden and Habs (8) no 
change in the creatine content of the trained muscle wuis observed 
in two rabbits, while in two other rabbits what appeared to be a 
significant depression in creatine content was found. On the other 
hand, Ferdmann and Feinschmidt (S), using much the same pro- 
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cedures as Palladin and Ferdmann and the same species of animaly 
were able to show that, under their conditions, training mereased the 
creatine-phosphoric acid content of muscle and that tliis increase 
disappeared in the course of six dsbjs of muscular rest. In these 
experiments the hexose-phosphoric acid and the pyrophosphoric acid 
of muscle were not affected by muscular training. 

These inyestigations on the effect of muscular work upon the com- 
position of muscle indicate (1) that the first effects of work are related 
to the reactions occurring during contraction and recoyery, from 
wliicli the energy is deriyed; (2) that continued work, or muscular 
training, produces changes in composition, such as an increase in the 
content of glycogen and of creatine, either the direct reyeme of those 
related to the contraction phase, or unrelated to them; and (3) that 
protracted training may cause the first effects of training to disappear 
gradually and eyen may cause contrary effects to appear, such as a 
decrease in creatine content. 

The experiments reported in this paper relate to the effects of long- 
continued muscular training. 

PLAN OF THE EXPERIMENTS 

The experiments extended oyer two years, from February, 1929, to 
May, 1931. In each experiment, the subjects were eight steer calves 
of predominantly Hereford blood, obtained from the same locality and 
of the same breeding and previous treatment. They weighed initially 
from slightly less than 500 pounds to slightly more than 600 pounds, 
and in each experiment they were fairly imiform, especially in the 
second year's work. The experimental treatment continued in the 
first experiment from February 13 to June 15, a period of 122 days, and 
in the second from January 7 to May 18, a period of 131 days. 

In the first experiment,^ the eight steers were divided into tw'o lots 
of four each, one lot being exercised daily, the other lot being closely 
confined. The exercised lot were worked individually for one hour 
each day on a treadmill set at a slight angle, and the work continued 
up to the day before slaughter. Each steer walked the equivalent of 
450 miles on the horizontal plane, an average of 3.6 miles per day. 
The exercised steers were full fed a ration of shelled corn, cottonseed 
meal, corn silage, and alfalfa hay. The unexercised lot were fed the 
same ration, but in amounts limited so that their gains and conditions 
would approximate those of the exercised steers. These steers were 
confined in a small pen in a feeding shed open to the east. The exer- 
cised steers also were kept in this pen except during the exercise 
period, when they were removed to a treadmill next to the pen. 

The slaughter weights of the exercised steers averaged 833 pounds, 
and those of the imexercised steers, 826 pounds. The average daily 
gains in the two lots were, respectively, 2.33 and 2.56 pounds. 

At the time of slaughter, samples of blood for examination and 
analysis were taken from each steer. Also a special sample of muscle 
tissue was taken from the upper andinnerroundforimmediate analysis. 
The livers and hearts (tiiromed) were also taken for analysis. From 
the chilled carcasses, the total lean from each of the nine wholesale 
cuts from one-half of the carcass, separated from all overlying fat by 
knife, was ground and sampled for chemical analysis. 


* Vor reasons explained below, this experiment is hereafter designated as experiment 2. 
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The plan of the second experiment ® was the same as that of the 
fii’stj with three exceptions. The steer calves were paired as to initial 
weight and grade, one calf of each pair being exercised, and during the 
experimental period the weights of each pair were kept approximately 
the same by restricting the food consumption of the unexercised calf, 
the other calf having unrestricted access to food. The ration fed was 
the same as in the preceding experiment, but the exercise imposed was 
much greater. Starting at one hour’s exercise daily, the period of work 
was increased to appmximately three and a half hours daily/ Each 
exercised steer walked the equivalent of 1,181 miles in 381 woiidng 
hours, amounting to 8.8 miles per day at a rate of 3.1 miles per hour. 
As in the preceding experiment, the work 'was continued up to the day 
of slaughter. At the time of slaughter, the same samples were taken as 
in the first experiment, but the selection of lean samples from the 
chilled carcasses was different, being confined to certain selected 
muscles from a number of the wholesale cuts of one-half of each carcass. 
The muscles and the cuts from 'which they were taken are as follows: 

(1) From the round, taken from the rump to the stifle joint, the 
following muscles were separated: The semimembranosus and ad- 
ductor muscles, the semitendinosus muscle, and the biceps femoris 
muscle. 

(2) From the short loin, the longissimus dorsi and psoas major 
muscles were taken. 

(3) From the sixth to the twelfth ribs, inclusive, the longissimus 
dorsi was removed. 

(4) From the flank cut, the obliquus externus abdominis was 
taken. 

(5) From the chuck, the triceps brachii muscle was removed from 
the head of the humerus to the elbow. 

The slaughter weights of the unexercised steers in the second experi- 
ment averaged 751 pounds, and those of the exercised steers 729 
pounds. The average daily gains were, respectively, 1.70 and 1.57 
pounds. 

In the samples taken, moisture was determined by drying in an 
electric oven at 105° C. for 5 hours, fat by continuous extraction of the 
dried samples with ether for 48 hours, nitrogen by the Kjeldahl 
method, using mercury and potassium sulphate in the digestion mix- 
ture and distilling into 4 per cent boric acid, and ash by ignition in an 
electric muffle furnace at temperatures below 700°. Iron was deter- 
mined by a slight modification of the Kennedy ( 74 ) method, hemo- 
globin by a modification of Whipple’s method (31), and creatine by 
the procedure developed by Eose, Helmer, and Chanutin (£5), The 
coUagen and elastin determinations were made by a method developed 
in this Jaboratory (7'^). 

RESULTS OF THE EXPERIMENT 

Although the experiment involving the greater degree of muscular 
exercise was performed after the experiment involving the smaller 
degree, it seems ad\dsable to consider it first in the discussion of the 
results obtained, because the effects of training would be the more 
pronounced and the more easily discerned. Therefore, in the follo'wing 
discussion it 'will be referred to as experiment 1. 


® Por reasons explained below, this experiment is hereafter designated as experiment 1. 
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THE BLOOD 

The hemoglobin in the blood was determined by the Newcomer 
acid hematin method (^0), using a disk that had been standardized by 
the oxygen capacity method of Van Slyke and Stadie (^ 8 ). The 
hemoglobin was determined in a fresh sample of blood, all other con- 
stituents in oxalated samples. The results of the determinations 
are summarized for both experiments in Table 1. There appears to be 
no effect of exercise on either the water content, the erythrocyte 
count, the hemoglobin content, or the iron content. 


Table 1. — Results of the examination and analysis of ike blood samples from steers 
on heavy and on light worky and from unexercised steers 


Experiment 1, heavy work 

1 Experiment 2, light work 

Treatment and steer 
No. 

Water 

content 

Red cell 
count 

Hemo- 

globin 

Iron 

content 

Treatment and steer 
No. 

Water j 
content 

Red cell 
count 

Hemo- 

globin 

Exercised: i 

84 ; 

9 1 

62 1 

34.- i 

Average 

Unexercised: 

23 

21 

43 — 

36 

Average 

Per cent 
79.68 
81. 12 
80. 26 
79. 72 

MU' 
lions 
per mm^ 
9. 47 
8. 55 
10.58 
8. 95 

Grams 
per 100 
cc 

11.8 
10.6 1 
11.6 i 
12.2 

... .... 1 

Per cent 
0.0413 
.0349 
.0433 
.0457 

Exercised: 

80 

116 ! 

119 1 

125 

Average 

Unexercised: 

103 ; 

117 i 

121 

129 

Average 

Per cent 
79. 12 
80. 41 
78. 77 
78. 93 

MU' 
lions 
permm^ 
7. 73 
6.06 
7. 22 
10.60 

Grams 
per 100 
cc 
13.7 
12.5 
14. 3 
13.1 

80.20 

9.39 

n.6 

.0412 

79.31 

7.90 

13.4 

80. 97 ; 
81.34 
79.45 
! 81.44 

12. 17 
10- 17 
10.22 
9. 30 

11.5 

10.7 

11.5 

10.3 

.0370 

.0372 

.0455 

.0413 

80.09 

78.84 

78.42 

77.99 

j 

4.92 

8.78 

9.49 

10.08 

12.0 

13.7 

14.3 

14.3 

80.80 

10. 47 

11.0 

.0402 

78.84 

8.3? 

13.6 


In both experiments, but particularly in experiment 1, the red cell 
counts are higher than those usually found for cattle blood. Thus, 
Marloff (17) has reported an average of 6.51 millions per cubic mil- 
limeter; Kuhl (15) f 5.72; Wells and Sutton (50), 7.65; Schenkenbach 
(^d), 8.05 for males and 7.47 for females; Bonnier, Jorpes, and Skold 
(4)j 5.46; Drastich (7), 6.41; and Hayden and Fish (IS), 6.55. 

The hemoglobin values in experiment 1, averaging 11.3 g per 100 
cc, are approximately the same as the average of 11.7 reported by 
Marloff (17), 10.8 by Kuhl (15), 10.55 by Drastich (7), and 10.9 and 
11.29 by McCay (16) in two large series of analyses of the blood of 
dairy cows. The latter investigators report an average of 12.2 ±0.8 g 
of hemoglobin per 100 cc of blood for six mature bulls of four dif- 
ferent breeds. The hemoglobin values in experiment 2, averaging 
13.5 g per 100 cc of blood, although carried out by the same teclinic, 
were substantially higher. 

The iron content of the blood, determined in experiment 1, averaged 
0.0407 per cent. This value is somewhat higher than the average 
value obtained by McCay (id) of 38.9 mg of iron per 100 cc of blood, 
from 226 analyses, and the average value of 36.5 mg per 100 cc of 
blood reported by Awdejewa and Ms associates (i), from observations 
on nine cows. Wagenaar (S9) obtained an average of 0.042 per cent 
of iron in the blood of four cows. 
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THE IRON AND HEMOGLOBIN CONTENTS OF THE TISSUES 

Heiiioglobin determinations were made upon the heart and the 
special sample from the round in experiment 1 (heavy work), and 
upon the liver, round, ribs, and shank samples in addition in exper- 
iment 2. The results of these analyses, expressed in percentage of 
the fresh tissue, are summarized in Table 2. They are of interest, in 
view of the scarcity of such information in the literature, even though 
they do not demonstrate any effect of muscular training. In exper- 
iment 2 (light work) the averages for five of the six samples are 
higher for the exercised than for the unexercised steers. However, 
the variations among the steers within each group were so great that 
average group differences are obviously insignificant. 

Table 2. — Hemoglobin content (per cent) of the tissues from steers on heavy and 
on light workj and from unexercised steers 


Experiment 1, heavy work 


Experiment 2, light work 


Treatment and 
steer No. 

Hemoglobin in— 

Treatment and steer 
No. 

Hemoglobin in^ — 

Heart 

Special 

sample 

of 

round 

Liver 

Heart 

Special 

sample 

of 

round 

Round 

Ribs 

Shank 

Exercised: 

84-, 

9-, 

82 

34 

Average 

Unexercised: 

,23, 

21 

43 - 

36--- 

Average 

0. 404 
.382 
.325 
.463 

0.283 

.387 

.354 

.389 

Exercised: 

80 

116 

119 

125 

1 Average 

Unexercised: 

103 

117 

121 

129 

Average 

0.328 

.•352 

.405 

.297 

0.286 
.348 
.412 
. 361 

0.296 

.225 

.211 

.260 

0. 258 
.195 
.171 
.194 

0.198 

.196 

.162 

.174 

0. 258 
.232 
.239 
.336 

.394 

.353 

.346 

.352 

.248 

.205 

.183 

.266 

.393 

.448 

.354 

.451 

.388 

.370 

.346 

.361 

.418 
.290 
.393 
. 164 

.338 

.325 

.292 

.264 

.190 

.242 

.280 

.308 

.170 

.208 

.181 

.170 

.189 

.184' 

.192 

.161 

.267 
.210 
. 192 
.25,3 

.412 

.366 

.316 

.305 

.255 

.182 

.182 

.228 


In experinient 1 (heavy work) all of the eight samples of muscles 
taken from the chilled carcasses were analyzed for iron, making a total 
of 64 analyses. The results revealed no appreciable differences be- 
tween cuts and no significant differences between exercised and unex- 
ercised groups. The average result was 0.003075 ± 0.000042 per cent 
of iron in the fresh tissues. 

In experiment 2 (light wmrk) iron analyses were made upon the 
marrow from one of the femur bones of each of the carcasses. On the 
same samples, analyses were made also for dry substance and fat. 
The results in Table 3 show that, in the group of exercised steers, the 
maiTOW contained 20 per cent less iron than did that of the un exer- 
cised group. By applying Fisher's modification of Student's method 
(fi, 107) to these two groiips o results, a value of 7 = 4.83 is 
obtained, and the probability that a difference as great as that 
observed (0.00052) would result from chance is considerably less 
than 0.01 . This lowering of the iron content of the marrow was asso- 
ciated with an iiicreased content of diy matter, but essentially no dif- 
ference in fat content. There was an average of 4.14 per cent of dry 
matter not fat in the marrovr samples from the exercised steers and an 
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average of only 1.94 per cent of dry matter not fat in the marrow 
samples from the iinexercised steers. , 


Table 3. — Chemical composition {per cent) of the marrow from the femur bone's from 
steers on light work {experiment 2) and from unexercised steers 


Treatment and 
steer No. 

Dry sub- 
stance 

Ether 

extract 

Iron 

Treatment and 
steer No. 

Dry sub- 
stance 

Ether 

extract 

Iron 

Exercised: 




Unexercised; 




SO 

97. 43 

95.23 

0. 00197 

103 

96.79 

97.53 

0. 00237 

116 

97. 88 

94.62 i 

.00216 

117 1 

96.71 

93.58 i 

. 03282 
i . 00256 

119 

95. 58 

89.32 

.00206 

121 

91. 24 

89. 45 : 

125 

97. 41 

92.58 

.00214 

129--. 

95. 21 

91.63 1 

. (X)266 

Average 

97. 08 

1 92. 94 i 

.00208 

Average - 

! 94.99 

i 

1 93.05 ' 

I 

.00260 


THE FAT AND WATER CONTENTS OF THE TISSUES 

The results of the analysis of the tissue samples for fat and water 
are given in Table 4. The fat percentages are on the fresh basis, 
but the water percentages are computed on the protoplasmic (fat- 
free) basis, in order to eliminate the considerable influence of varia- 
tions in fat content. 

Table 4. — Fat and water content of tissue samples from steers on heavy and on light 
work, and from unexercised steers 

EXPERIMENT 1, HEAVY WORK, PERCENTAGE OF FAT ON THE FRESH BASIS 


Treatment and steer 
No. 

Heart 

Liver 

Special 
sam- 
ple of 
round 

Round muscles 

Short loin 

Ribs 

Flank 

Chuck 

Semi- 

mem- 

brano- 

sus 

Semi- 

tendi- 

nosus 

Biceps 

femoris 

mnglS' 

simus 

dorsi 

Psons 

major 

Longis- 

simus 

dorsi 

Obli- 

QUUS 

exter- 

nus 

ab- 

dom- 

inis 

Tri- 

ceps 

brachii 

Exercised: 












84 

2.38 

1.67 

1.06 

0.80 

1.26 

1.30 

1. 19 

2. 67 

1. 78 

3.48 

1.24 

9 

2.86 

1.54 

1.73 

2.37 

2.00 

1.46 

2.78 

4. 22 

1 3.06 

1 5. 20 

2.34 

62 

2.97 j 

1. 63 

1.13 1 

1.01 

1.24 

2,32 

.96 

2.26 

L.68 

2.06 ’ 

1.97 

34 

2.88 

1.56 

1.28 ' 

1.38 

1,68 

1.39 

2.20 

3,08 

j 2.14 

2.77 : 

1.83 

Average,, 

2.77 

1.60 

1.30 

1.39 

1.54 

1.62 

1-78 

3. 06 

2.16 

3.38 

1.84 

Iinexercised; 












23 

3.20 

2.36 ; 

1.53 

1.39 

1.27 

2.14 

2.33 

4.50 

1.98 

2.90 

3.39 

21. 

3. 62 

2.00 i 

1.52 

1.54 

2.00 

1.40 

1.58 

3. 16 

2.07 

3.46 ' 

2. 18 

43 

2. 56 

2.39 

1.62 

2.50 

1.40 

1.86 ; 

1.49 

2. 61 

2.52 

2. 49 

1. 95 

36 - 

3.63 

2.90 

1.60 

1.65 ; 

1.75 

2.25 

1.98 

3.15 

2.05 

2.67 

2.,® 

Average 

3.25 

2.41 

1.57 

1. 77 

1.60 

1. 91 

, 1.84 

3. 36 

2. 16 

2.88 : 

,2.63, 


EXPERIMENT 1, HEAVY WORK, PERCENTAGE OF WATER ON THE PROTOPnASMiC 

BASIS 


Exercised; 

84 

9 

80. 60 
80. 21 

71. 01 
71. 52 
71.20 
70. 94 

75.73 
75. 71 
76.31 
76.60 

76.13 
75.65 

76.13 
76. 11 

7a07 
76. 20 
76.39 
76.05 

7a 40 
76,20 
76. 48 
76. 57 

75.85 
74 32 
75. 92 
74 23 

77. 64 
76.1^9 
77.95 
77. 87 

74 91 
76.34 
76.88 
74 79 

74 86 
75. 79 
74 49 
76.08 

74 54 
74 51 
77.32 
77.68 

62,.,. 

34 

81.08 
81. 11 

Average-,--.,-— 

80.75 

71. 17 

76.09 

76.01 

76.18 

7a 41 

74 08 

77.59 

76.73 

74 30 

7499 

Iinexercised:'' 

, 









I 


23... 

81. 63 i 

72. 27 

76.93 

76.48 

76. 19 

7a83 ■ 

74 43 ' 

78.39 

77.00 1 

77,91 

7440 

, ,21.. -.....--i 

81.56 1 

72.36 

77.23 

76.66 

7a 98 

77.25 1 

74 44 

78.33 

77.00 I 

77.69 

77.71 

43 ... 

82.18 ^ 

73.54 

77.25 ' 

77. 74 

76.97 

7a 54 I 

76.68 

78.14 

78. 16 

76.65 

77.61 

36-. 

81. 12 1 

,74. '26 

76.44 

76,23 

76. 37 

■77.30 

74 07 

77.86 

74 53 

77.33 

77. m 

, Average.-,.- ! 

81. 62 ! 

73. 11 

76.96 : 

76.78 

7a 63 ! 

'74 98 : 

74 40 

7418 

77.17 ' 

77.39 

77.70 
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Table 4, — Fat and water coriteni of tissue samples from steers on heavy and on light 
work, and from unexercised steers 

EXPEBIMENT 2, LIGHT WORK, PERCENTAGE- OF FAT ON THE FRESH BASIS 


Treatment, and steer No. 

Heart 

P 

a 

il 

CO 3 

c. *S! 

GJ O 

Round 

Ribs 

Fore shank 

Loin end 

Short loin 

Rump 

Plate 

M 

o 

S 

Q 

Flank j 

Exercised: 













SO--- — 

1.58 

1.54 

2.34 

4.10 

9.47 

5.87 

7.20 

8. 05 

6.51 

13. 49 

6.81 

12.27 

116 - 

1.86 

1,36 

2.58 

4.60 

8.38 

4.45 

5. 28 

6.60 

6.52 

14. 15 

7.35 

11.88 

119 — - 

1.97 

2.05 

3.40 

4. 71 

9.00 

5. 02 

6. 51 

8.90 

7.05 

13.80 

7.45 

10. 21 

125 

2.19 

1.92 

3.02 

3.51 

7.77 

4.38 

5.31 

7.04 

5. 78 

12.24 

6. 67 

8. 21 

Average-- 

1.90 

1.72 

2.84 

4.23 

8.66 

4.93 

6.08 

7.65 

6. 47 

13.42 

1 7.07 

10.64 

Une.xercised: 













103 ---i 

C**) 

2.68 

4.13 

5. 14 

12. 13 

4.67 

8.06 

10. 46 

9. 43 

14.93 

8.69 

(^) 

117- ! 

2.55 

2. 72 

2.34 

4. 37 

8.94 

5.15 

5. 31 

8. 26 

5.29 

13. 35 

6. 93 

9.80 

121 i 

2.17 

2.54 

2.51: 

2.20 

8.81 

3.99 

6. 19 

7.07 

5.29 

10. 54 

6. 99 

9. 94 

129... 1 

2.14 

2.57 

2.27: 

3. 62 

9. 45 

5.96 

5.28 

6.82: 

6. 47 

12.96 

7.23 

8.00 

Average 

2.38 

2.63 

2.81 

3. 83 

9.83 

4. 94 

6.21 

8. 15 

6.62 

12.95 

7.46 

9. 37 


EXPERIMENT 2, LIGHT WORK, PERCENTAGE OF WATER ON THE PROTOPLASMIC 

BASIS 


Exercised: 













80-,., 

79.99 

70.44 

75.34 

75. 79 

76. 26 

75. 42 

76.26 

76. 14 

75. 57 

75. 93 

76. 55 

75. 17 

116 

81. 34 

471. 10 

75.85 

76.51 

75.81 

77.26 

76. 82 

77,08 

76.60 

77.11 

77.24 

76.06 

119 

80.86 

71. 64 

75. 86 

76.35 

75.52 

75.84 

76.76 

76. 38 

76.22 

76.68 

77.19 

75.27 

125-.- - 

81.54 

72.69 

75.93 

. 75. 97 

75.39 

76.53 

76. 51 

75.60 

76.46 

76.14 

76. 32 

75.06 

Average 

80. 93 

71. 47 

175.74 

76. 15 

75.74 

76.26 

76. 59 

76.30 

76.21 

76.46 

76. 82 

75. 39 

Unexercised: 













103 - 

81. 86! 

73. 62 

76.25 

: 76. 13 

77.28 

77.24 

77. 49 

76.67 

76.32 

76. 11 

77.09 

(b) 

117 

80.99 

73. 55i 

75. 34 

76.97 

77.26 

76. 59 

! 76.82: 

76.35 

77.53 

77. 03 

77.09 

75.85 

121--, 

81. 04 

74. 31 

76.07 

76.26 

76.68 

76.61 

76.27 

77.67 

76.04 

76. 07 

76. 70 

75. 69 

■ 129 

81.23 

73. 27 

75.05 

75.67 

76. 27 

75.94 

76. 15 

75.86 

76. 56 

. 76. 47 

76.73 

75. 05 

Average 

81. 28 

73.69 

75. 68 

76.26 

76.87 

76.59 

76.68 

76.64 

76. 61 

1 76.42 

76.90 

75.53 


« The excess fat was not trimmed from this sample before analysis. 
& This sample was lost. 


In experiment 1 there is a general tendency for the tissues from 
the exercised steers to exhibit a smaller fat content than the corre- 
sponding tissues from the unexercised steers. Of the 11 tissues exam- 
ined, only 2, the longissinius dorsi muscle of the rib cut and the 
obliquus externus abdominis of the flank cut, failed to show this 
relation between the averages of the two groups of steers. 

The most pronounced difference in fat content occurred in the case 
of the liver samples. Here the average difference amounts to 0.81 
per cent of fat; the value of t (essentially the ratio of the average differ- 
ence to the standard deviation of percentages from their respective 
group mean) is 4.33, and the probability that as marked a difference 
as tins could have been the result of chance is considerably less than 
0.01. Thus, even with these small groups of values, a clear demon- 
stration of an effect of muscular trainmg in reducing the concentration 
of ether-soluble substances in the liver was obtained. 

However, no other tissue showed a difference hetween exercised and 
unexercised steers sufficiently marked, in relation to the variation 
occurring wittiin each group, to indicate that muscular training had 
prodiiced it. The heart tissue, the special sample from the roundy 
and the chuck muscle come the nearest to a demonstration, but the 
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probabilities tliat chance may haye produced the, average differences 
are so large (0-15, 0.13, and 0.13, respectively) .that they can not be 
neglected. Even if all the muscle samples are co,nsidered together in 
tvv) groups of 36 analyses each, and the deviations are computed from 
the averages of each group of four samples in arriving at the standard 
deviation, the probability obtained is greater than 0.10, and hence the 
possibility that chance was responsible for group differences can not be 
neglected. , 

In experiment 2, involving hght work, the fat content of the livers 
of the exercised steers is again significantly lower than that of the 
iinexercised steers, the average difference amounting to 0.91 per cent 
of fat. The value of according to Fisher^s method, is 5.46, giving 
a probabilit}^ for n = Q of considerably less than 0.01 that chance 
conditions alone brought about this distribution of values into the 
two groups. It may, therefore, be concluded that the work imposed 
upon the steers in one of these groups was responsible for lowering 
the content of ether-soluble constituents in the liver. 

The heart samples also suggest strongly an effect of work similar to 
the effect upon the liver, but the probability in this case amounts to 
about 0.044 that chance factors may have brought this result about, 
equivalent to odds of 1 in 24. Any great amount of reliance can not, 
therefore, be placed on the significance of this comparison. 

With respect to the fat contents of the muscle samples in experiment 
2, nothing can be said concerning a possible effect of muscular training. 
Considering group averages only, in eight comparisons the exercised 
steers gave the lower figure, while in four comparisons the reverse 
was true. 

Table 4 shows that mth respect to all tissue samples taken in 
experiment 1, the water content on the protoplasmic basis averaged 
less for the exercised steers than for the unexercised steers. The 
difference was greatest and most distinct for the liver, amounting to 
1.94 per cent of water. The value of t in this case is 3.90, and from 
Fisher^s table (if, p, 139), only one value in a hundred (n being equal 
to 6) will exceed 3.707 by chance; hence, the difference is higlxly 
significant. It may, therefore, be concluded that continued exercise 
lowered the water content of the livers of these steers. 

For a number of other samples, the differences between the two 
groups of steers in the percentage of water are significant, the value 
of P being less than 0.033, corresponding to odds of 1 in 30 that 
chance alone would produce the result, that is, heart 0.032, special 
sample of round 0.026, biceps femoris (round) muscle 0.032, and 
obliquus externus abdominis (flank) muscle 0.018. If the results on 
all the muscles are combined in a single statistical analysis, in which 
the standard deviation is computed from the deviations of each 
group of four percentages from its mean, the mean dbfference is 0.0668 
per cent and the value of t becomes 7.67, n being 70. This value of 
t is far beyond the range of Fisher^s table, so that it is perfectly clear 
that, as the statistician would say, the percentages of water in the 
muscles from the exercised and unexercised steers were not drawn from 
the same ^^population. ^b Hence, it may be concluded that, continued 
muscular exercise of the intensity imposed in this experiment reduces 
the moisture content of liver, heart, and muscles. 

In experiment 2 the percentages of vrater on the protoplasmic 
basis were also lower for the exercised steers with the exception of 
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two samples^ the plate and the special sample of round, but the 
average differences are considerably smaller than those obtained in 
experiment 1 and, hence, less certainly caused by the difference in 
iiiiisciilar activity. With o.niy two samples is^the probability that all 
analyses are from the same population sufficiently small that it may 
be neglected. For the liver samples, the average difference in wmter 
content was 2.22 per cent, the value of t being 4.24, and the probability 
considerably less than 0.01. Also for the rib samples the average 
difference was 1.13 per cent, the value of t 3.63, and the probability 
approximately 0.011. If all the muscle samples are combined in one 
analysis, as was done in the discussion of the corresponding results of 
experiment 1, the mean difference is 0.265 (as compared with 0.668), 
the value of t becomes 2.45 (as compared with 7.67), and P is somewhat 
less than 0.02. It appears, therefore, that in this experiment also 
the exercise imposed has markedly lowered the moisture content of 
liver and also that of the muscles, though to a less pronounced extent, 
than did the more severe muscular exercise imposed in experiment 1. 

The analyses of fat and water in a number of tissues from 16 differ- 
ent steer calves offers an opportunity of studying statistically the 
relation between the composition of different muscular tissues in the 
same animal. This relationship is of general interest, and in addition 
it bears directly upon the interpretation of the data with respect to 
the effect of continued muscular exercise upon the fat and water con- 
tent of the muscles, since it will show to what extent the analyses of 
the different samples are interdependent, and conversely, to w^hat 
extent each sample analyzed is an independent test of the effect of 
muscular work. The product-moment correlation method was there- 
fore applied to the water and fat analyses in each experiment, the 
standard deviations being computed from the deviations of each 
group of four analyses from its own mean. In computing the devia- 
tion porducts every possible pair of deviations w^as taken from all the 
muscle samples of each steer. 

In experiment 1 the correlation coefficient for fat content was 
+ 0.360, and that for w^ater content +0.182. In expeiiment 2 the 
correlation coefficients were, respectively, +0.519 and +0.346. 
These coefficients measure the degree to which variations in the fat 
and water content in one sample of muscle tissue are associated with 
variations in another sample, perfect correlation being measured by 
a coefficient of 1 and the positive sign indicating that a high content 
in one muscle tends to be associated with a high content in another. 
Evidently a closer correlation exists among the different tissues with 
respect to fat than with respect to water, and also, apparently, there 
is a closer correlation between the fat content, as well as the water 
content, of lean samples from the same carcass, freed roughly from 
visible fat with a knife, than between the fat content or the water 
content of individual muscles, dissected out in a manner better calcu- 
lated to avoid contamination with intermuscular fat. The correla- 
tion coefficients obtained in the first experiment are inconsiderable, 
though significant in all probability in indicating the existence of some 
degree of positive correlation. The coefficients obtained in the sec- 
ond experiment are somewhat larger, though still too small to indicate 
thab the fat or moisture content of one lean sample may be predicted 
satisfactorily from that of, another. 
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BOUND WATER IN MUSCLE 

In experiment 1 (heavy work) an attempt was made to determine 
whether trained muscle possessed a different percentage of “bound 
water than untrained muscle. The conception of “boundl’ water 
followed was that of Rubner, according to which “ bound ” water is 
that fraction of the water in the tissue which does not freexe at tem- 
peratures as low’' as —20'^ C. The method of determining bound 
water wms essentially that of Robinson {23), which is a modification 
of the method of Thoenes (27). The sample used for the deterniina- 
tion was the special sample from the round, taken immediately after 
slaughter, and the determinations were made within 48 hours. The 
results are assembled in Table 5. 

Table 5. — Bound-water content of the special samples of rotmd lean from steers on 

heavy work, experiment 1 


[All resdlts are expressed on the fat-free basis] 


Treatment and 
steer No. 

Total 

water 

Bound w^ater 

Treatment and 
steer No. 

Total 

water 

Bound water 

As per- 
centage 
of total 
w’'ater 

As per- 
centage 
of fat- 
free 
sub- 
stance 

Per 

gram of 
fat-free 
dry 
matter 

As per- 
centage 
of total 
water 

As per- 
centage 
of fat- 
free 
sub- 
stance 

Per 

gram of 
fat-free 
dry 
matter 

Exercised; 

Per cent 

Per cent 

Per cent 

Gram 

Unexercised: 

Per cent 

Per ce nt 

Per cent 

Gram 

84 

75.73 

14.3 

10.8 i 

0.46 

23-.- 

76. 93 

14.5 

11. 1 

0.48 

9.„ 

75.71 

14.6 

11.0 i 

.45 

21 

77.23 

11.9 

9.2 

.40 

62, 

76.31 

12.6 

9.6 

.41 

43 

77. 25 

12. 1 

9.3 

.41 

34. 

76.60 

13.7 

10.5 

.45 

36 

76.44 

13.2 

10.1 

,43 

Average,,. 

76.09 

13.8 

10.5 

.44 

Average--- 

76. 96 

12.9 

9,9 

.43 


It is clear that no evidence was obtained of an effect of training on 
the bound-water content of muscle. 

THE NITROGEN CONTENT OF THE FAT-FREE DRY MATTER OF THE TISSUES 

The nitrogen content of the tissue samples in both experiments 
has been expressed on the basis of the fat-free dry matter, in order 
to eliminate the variations in fat and water, w^hich have been shown 
to be, to some extent, influenced by muscular training. The per- 
centages of nitrogen thus expressed are presented in Table 6. 

In considering experiment 1 involving heavy work, first, it appears 
that for all tissues examined except two the average percentage of 
nitrogen for the exercised steers is low^er than that for the unexercised. 
In one case, the semitendinosus muscle of the round, the averages for 
the two groups of steers are the same, wliile in another case, thehiceps 
femoris of the round, there is a difference of 0.02 per cent in favor of 
the exercised steers. 

As in aU other cases in which training has affected the chemical 
Gomposition of tissues, the composition of the liver is affected the 
most. In this instance, the average reduction of the nitrogen content 
of the fat-free dry matter is 1.33 per cent of nitrogen. Applying 
Fisherh method of statistical analysis, the standard deviation s is 
0.502, 1 of 3.75, and the probability that the two sets of data are from 
the same population is less than 0.01. There can be little doubt that 



928 


Journal of Agricultural Research 


Vol. 46, No. 10 


muscular training lias reduced the nitrogen content of the fat-free 

dry matter of the liver. 


Table 6. — Nitrogen content (per cent) of the fat-free dry matter of the tissues from 
steers on, heavy and on light work, and from unexercised steers 

EXPERIMENT 1, HEAVY WORK 






Round muscles 

Short loin 

Ribs 

Flank 

Chuck 

Treatment and steer 
No. 

Heart 

Liver 

Special 

sample 

of 

round 

Semi- 

mem- 

bran- 

osus 

Semi- 

ten- 

dino- 

sus 

Bi- 

ceps 

fem- 

oris 

Lon- 

gissi- 

mus 

dorsi 

Psoas 

major 

Lon- 

gissi- 

mus 

dorsi 

Obli- 

quus 

exter- 

nus 

ab- 

dom- 

inis 

Tri- 

ceps 

brachii 

E.xercised: 

84 ■ 

14. 68 

11.12 

14. 91 

14.70 

14.90 

14.86 

14. 46 

16. 01 

14. 90 

15. 00 

14.50 

9 

14. 67 

11. 59 

15. 17 

14.72 

15.48 

15. 65 

15. 25 

15. 15 

15.08 

15. 34 

' 14.82 

62 

^ 14.98 

11. 26 

15.20 

15. 19 

15. 69 

15.04 

14. 88 

15. 36 

15.27 

! 14.81 

15. 07 

34.... 

15.42 

11. 18 

15.24 

15.03 

15.63 

15.32 

14. 84 

15. 62 

15.24 

: 15.26 

14. 99 

Average 

14.94 

11.29 

15. 13 

14.91 

15.43 

15.22 

1 14.86 

15. 54 

15.12 

15. 10 

14. 85 

Unexercised; 

23 

14.90 

11.96 

15.40 

15. 14 

14.80 

14.91 i 

14. 68 i 

16.81 

15. 44 ' 

15. 85 

14. 95 

21 

15. 19 

12. 29 

15.79 

15. 14 

15.34 

15.47 

15.01 

15.44 

15.36 

15. 41 

15. 50 

43 

15. 09 

12. 70 

15.64 

16.18 

15.76 

14. 94 

15. 02 

15.27 

15.83 

15. 11 

14. 78 

36 

15, 50 

13. 53 

15.27 

15.10 

15.81 

15.46 

15. 17 

14. 93 

15. 27 

15. 78 

15. 35 

Average 

15.17 

12. 62 

15. 53 

15. 39 

15. 43 

15. 20 

14. 97 

15.61 

15. 48 

1 

15. 54 

15. 15 


EXPERIMENT 2, LIGHT WORK 


Treatment and steer No. 

Heart 


Special sample 
of round 

Round 


Fore shank 

Loin end 

Short loin 

Rump 

Plate 

- 

Chuck 

cS 

S 

Exercised: 













80--- 

14. 27 

11. 10 

14.70 

15,03 

15.50 

15.64 

15. 12 

15.54 

15. 11 

15.23 

15.70 

15.98 

116 

15.02 

11.72 

15. 51 

14.99 

14.76 

16.06 

15. 35 

15. 51 

16. 14 

15. 32 

15. 36 

15. 73 

11:9- 

15. 72 

12. 17 

15. 18 

14.82 

14.59 

14.77 

16.38 

15.94 

16. 11 

15. 77 

15. 63 

15. 31 

125— 

16. 17 

11.98 

15. 12 

15.01 

14.68 

16,09 

15. 51 

15. 17 

15. 73 

15. 71 

15.38 

16. 34 

Average 

15. 30 

11.74 

15.13 

14.96 

: 14.86 

15.64 

15.59 

15.54 

15. 52 

15. 51 

15. 52 

15. 84 

ITnexercised: 













, 103-- 


1 12. .82 

15. 25 

14. 71 

15.22 

16. 18 

15. 41 

15. 37 

15.06 

15. 01 

15. 01 


117—-.. 

14. 52 

i 13.18 

14. 41 

15,35 

15.60 

15.72 

15.90 

15. 81 

15.88 

15. 33 

15,53 

15^ 29 

121 ■ . ^ 

14,99 

' 13.30 

15.60 

14.81 

15.00 

15. 32 

15. 14 

16.24 

15.20 

15.27 

15. 14 

'15. 71 

■ 1,29—...-- 

14.36 

13.17 

14.89 

14.29 

15.28 

15.64 

15.23 

15.38 

15.56: 

15.63 

15.281 

15.03 

■ Average- — 

i 

14. 62 

13, 12 

15.04 

14.79 

15.27 

1 15.72 

15. 42 

15. 70 

1 

1 15. 43; 

15. 31 

15. 24 

15- 34 


^ In the special sample of tissue from the round, there was an average 
difference of 0.40 per cent of nitrogen, a standard deviation of 0.196, 
a value of t is 2.88, and a probability of about 0.032 that the two sets 
of data are the result of the operation of the same factors. The 
indicatioiis are clear with this tissue also, muscular training has 
lowered the nitrogen content of the fat-free dry matter. The other 
muscle samples, secured from the chilled carcasses, do not individually 
show clear evidence of such an effect of training; the longissimus dorsi 
muscle of the ribs gives the most significant evidence, but the prob- 
ability that the two groups of analyses may have been produced by 
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the same factors is too large (0.054) to be safely neglected. However^, 
if all of these eight muscle samples are considered together in the same 
statistical analysis, computing the standard deviation from the devia- 
tions of each group of four analyses from its own mean, an average 
difference of 0.217 per cent is obtained between exercised and unexer- 
cised steers, the standard deviation is 0.334, i is 2.59, and the proba- 
bility that the same factors operated in determining the percentage for 
both groups of steers is less than 0.02. Such a low probability of a 
chance outcome may be neglected, and it may be concluded that, in 
muscle tissue generally, the effect of muscular training is to lower the 
nitrogen content of the fat-free dry matter. 

In experiment 2 (light work) the liver undoubtedly has suffered 
the same large reduction (1.38 per cent) in the nitrogen content of 
the fat-free dry matter. The value of t in this comparison is 5.40, and 
the probability is considerably less than 0.01. But the heart and the 
special round sample show no such relation, and of the nine muscle 
samples from the chilled carcasses only three show an average reduc- 
tion in the percentage of nitrogen for the exercised steers. Evidently 
the intensity of the work imposed in this experiment was not sufficient 
to affect appreciably the nitrogen content of the fat-free dry matter, 

THE GLYCOGEN CONTENT OF THE FRESH MUSCLE 

In accounting for the reduction in the nitrogen content of the fat- 
free dry matter of the tissues brought about by muscular training and 
especially evident in the^ results of experiment 1, one naturally, 
perhaps, thinks first of an increase in glycogen. But it would require 
an improbably large increase in the glycogen content of the tissues to 
account for the decreases in nitrogen observed. In experiment I, in 
which the average nitrogen content of the liver on the fat-free dry- 
matter basis decreased from 12.62 to 11.29 per cent, it would require an 
increase of glycogen equal to 10.54 per cent of the dry matter. In 
experiment 2, the average reduction in the nitrogen percentage in the 
liver was from 13.12 to 11.74, which would again call for an increase in 
glycogen equal to 10.52 per cent of the dry matter. In the case of the 
fresh round sample in experiment 1, the nitrogen content decreased on 
an average from 15.53 per cent of the fat-free dry matter to 15.13 per 
cent. If this had been brought about by an increased deposition of 
glycogen, the increase would have to equal 2.58 per cent of the fat- 
free dry matter. 

Glycogen determinations were made upon the fresh samples of the 
round taken in experiment 1, using the usual method of alkali decom- 
position of the tissues and alcohol precipitation of the glycogen. 
The special technic recommended by Eisher and Lackey (10) was fol- 
lowed in these analyses. The results for exercised steers, in the order 
in which they have been arranged in the tables, are 3.92, 3.10, 3*63, 
and 3.73 per cent of glycogen on the fat-free dry matter basis, aver- 
aging 3.60 |>er cent. For the unexercised steers the results are, in the 
order given in the tables, 2.96, 1.48, 2.45, and 3.28 per cent of glycogen, 
averaging 2.54 iper cent. These values indicate that muscular train- 
ing may have increased the glycogen content of the dry muscle. 
Statistical analysis gives a probability of 0.05 that the two series of 
analyses resulted from the same combination of factors, so that the 
above interpretation can not be said to have been demonstrated, 
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THE LIPOID CONSTITUENTS OF THE TISSUES 

Since an acciimulation of glycogen in the tissues of the trained ani- 
mals can not reasonably account in full for the reduction in the 
nitrogen content of the fat-free dry matter, another possibility is that 
there is an increased content of Hpoids in the tissues of the trained 
animals. It is known that ether will not extract all the lipoids from 
tissues. Although none of the data obtained in this inyestigaiton can 
thrown any direct light upon this question, reference may be made, in 
support of the explanation offered above, to the work of Bloor (3) ,w^ho, 
in investigations of the hpoid content of a few selected beef muscles, 
found that the contents of cephalin and lecithin varied from muscle to 
muscle in the order of what might be considered to be their activity, 
the more active the muscle the higher its percentage content of phos- 
pholipid. Furthermore, Cowdry (6) in a recent discussion of the 
mitochondrial constituents of protoplasm (in all probability largely 
phospholipid in character), has noted the association of mitochondria 
with intense protoplasmic activity. He says (6, p. 82): 

In cytomorphosis, for example, they are especially numerous in the active 
stages in the life of the cell and they diminish with senility in both plants and 
animals. There is a sharp increase in mitochondria with regenerative activity, 
in compensatory hypertrophy, and in many other conditions. 

Of particular interest to the interpretation of the results of these 
experiments are the following observations of Cowdry: 

^ ^ ^ there is a distinct reciprocal relationship between the amount of 

mitochondria and the amount of fat. Where there are few mitochondria there is 
much fat, and vice versa. Decreased oxidation favors the accumulation of fat and 
increased oxidation favors its elimination, which suggests at once some connection 
betw^een the amount of mitochondria and oxidation; and their abundance in the 
active stages of the life of the ceil, where protoplasmic respiration is rapid, points 
to the same conclusion. 

Hence, the decrease in ether-soluble constituents observed in the 
exercised as compared with the unexercised steers (Table 4) may be 
considered indirect evidence of an increased phospholipid content. 

CREATINE CONTENT OF THE TISSUES 

In experiment 1 creatine w^as determined in all the tissues. In 
experiment 2 only six of the samples were thus analyzed. The results 
obtained have been summarized in Table 7. They are expressed (1), 
on the protoplasmic basis to eliminate the effect of variations in the 
fat content of the tissues, (2) on the fat-free and w^ater-free basis, to 
eliminate the effect of variations in both the fat and the winter content 
of the tissues, and (3) for the data of experiment 1 only the creatine 
nitrogen is expressed as a percentage of the total nitrogen. 
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Table 7 . — Creatine content of the tissue samples from steers on heavy and on light 

work, and froin unexercised steers 


EXPERIMENT 1, HEAVY WORK, PERCENTAGE OF CREATINE ON THE 
PROTOPLASMIC BASIS 






Round muscles 

Short loin 

Ri.bs 

Fla,nk 

Chuck 

Treatment and steer 
No. 

Heart 

Liver 

Spe- 

cial 

sample 

of 

round 

Semi- 

mem- 

brano- 

SllS 

Semi- 

ten- 

dino- 

sus 

Biceps 

fem- 

oris 

Lon- 

gisst- 

mus 

dorsi 

Psoas 

major 

Lon- 

gissi- 

.niiLS 

dorsi 

Obli- 

quus 

ester- 

nus 

ab- 

dom- 

inis 

Tri- 

ceps 

braebii 

Exercised : 

8.4 

0. 274 

0. 010 

0.440 

0.461 

0.567 

0. 466 

0.460 

0. 619 

0. 469 

0.455 

0. 406 

■ 9 

232 

.020 

.380 

.402 

.546 

.484 

.420 

.627 

1 .424 

, zm 

.427 

62„.., 

.’234 

.020 

.380 

.131 

.563 

,461 

.441 

.564 

.448 

.405 

.402 

34 

.238 

i .024 

.389 

.499 

.518 

.465 

.467 

. 554 

1 . 485 ■ 

.449 > 

.419 

Average 

.245 

; . 019 ' 

.397 

1 .448 

.549 

.469 

.447 

I .591 

1 .457 

.427 * 

.414 

Unexerclsed: 

23.. 

.245 

.012 

.515 

1 

.434 

.525 

.443 ! 

.414 

. 519 

,450 i 

.4fa 

.381 

21 

.263 

.020 

.470 

.437 

• 5TT 

.473 1 

.477 

. 6f )3 

t .477 

. 473 

4:19 

43. 

.263 

.044 

.428 

.461 

.586 

.469 j 

.437 


.426 1 

Am 1 

'444 

36 

.276 

.058 

.439 

.511 

.639 

j .503 1 

.484 

.597 

.'491 1 

.434 

.448 

Average 

.262 

.034 

.463 

.461 

.582 

.472 

.453 

. 578 

1 .461 1 

.447 i 

1' .428 

I 


EXPERIMENT 1, HEAVY WORK, PERCENTAGE OF CREATINE ON THE FAT-FREE 
AND WATER-FREE BASIS 


Exercised: , 

84 1 

9. 1 

<12.. j 

i 

1.41 1 
1.17 
1.24 
1.26 

0. 035 
.071 
.071 
.084 

1 ! 
! 

i 1.81 

1.56 
1. 60 

1 1.66 

L93 

1.65 

1.81 

2.09 

i 

1 2.37 
2.29 
2.38 
2. 16 

1.97 
2.03 
1.96 

1.98 

1.90 

1.77 

1. 83 
1.96 

2. 76 
: 2, 72 
2.56 
2.50 

2.m 

1. 79 

1. 94 
2.09 

'1.97 
! 1.65 
1.72 

1 1.88 

! 

1 

1. 73 
i 1. 82 
1.77 
1.87 

Average 

1.27 

.065 

1,66 

1.87 : 

2.30 

1.99 

I 1.87 

2.64 

1.96 

1.81 

1.80 

Unexercised: ■ 








i ‘ 




23 

1.33 

.044 j 

2.23 

1.84 

2.20 

1.91 

1. 76 

2.40 ! 

1.96 

2. 10 

1. 76 

21 ^ 

1.43 

.074 i 

2.06 

1.87 

2.51 

2.08 

2.02 

3.06 ‘ 

2.07 

2. 12 : 

1.97 

43 i 

1.48 1 

,166 

1.88 i 

2.07 j 

2.54 i 

2.00 

1.87 1 

1 2Ai \ 

3.95 ,j 

1. 78 i 

1.97 

36 ! 

1.46 1 

.224 

1.86 

2.15 

2.70 1 

2.22 

2.02 1 

2.70 1 

2.09 1 

1.91 1 

1.96 

xVverage --J 

1.42 

.127 

2.01 i 

1.98 

2.49 

2.05 

1.92 

2.65 

2.02 

1.98 

1.92 


EXPERIMENT 1, HEAVY WORK, CREATINE NITROGEN AS A PERCENTAGE OF THE 

TOTAL NITROGEN 


Exercised: 

, 84„ 

9 — 

''62_ 



3.16 

2.64, 

2.73 

2.70 

0. 101 
.197 
,201 
. 240 

3.94 

3.37 

3,42 

3.54 

4.25 

3.68 

3.85 

4.52 

5, 16 
4.85 
4.93 
4.51 

4.32 

4.23 

4.27 

4.21 

4.27 

3.84 

3.98 

4.34 

5. 67 
6.02 
5.46 
5.30 

4.45 
3. 93 
4.14 
4.49 

4.36 
3.63 
3. 81 
4.05 

3,87 
4.03 
, 3.85. 
4.07 

, Average-.-, 

2.81 

.185 

3.57 

4.08 

4.88 


4.11 

6. 61 

4,25 

3.96 

3,96 

Unexercised: 












,23 ■ 

2.96 

.119 I 

4.72 

3.96 

4.84 

4.20 

3.93 i 

4.80 

4.15"'' 

4.37 1 

,., 3 . 92 ' 

21 — , - 

3. 12 

.193 

4,26 

4.03 i 

5.35 

4.37 

■4.39 : 

6. 56 

1 4.42 

4.57 ; 

4.16 

43 - 1 

3,22 j 

.430 1 

3.92 ! 

4. 21 

1 5.25 

4. 37, i 

4.06 : 

5.26 

4. 05 

8.88 

"4.37 

36--- — ..: ---' 

3.14 

.560 1 

3.98 : 

4.64 

5.58 

4.70 : 

4.36 i 

5.98 

, 4.48 

- 4.00 I 

\ 

■4. ,21 

, Average -, 

3. 11 

,323 1 

4.22 

4.21 

5.26 

4.41 : 

4. 19 ' 

5.65 

4.B 

4.21 ' 

' i 

J , 4. 17 


1 , 79377 — 33~5 
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EXPERIMENT 2, LIGHT WORK, PERCENTAGE OF CREATINE ON THE 
PROTOPLASMIC BASIS 


Treatment and steer No. 

Liver 

Heart 

Special 
sample of 
round 

Round 

Ribs 

Shank 

Exercised: 

SO . .. 

0.041 

0.261 

0. 441 

0. 411 

0.418 

0. 358 

Ilf) _ . 

.041 

.228 

.434 

.392 

.287 

.291 

119 . . _ 

.043 

.233 

. 459 

.407 

.401 

.346 

125_ ' 

. 047 

.226 

.425 

.432 

. 394 

.332 







Averajse. 

.043 

.237 

.440 

.411 ■ 

. 375 

. 332 




Une.xereised: 

103 - -- - 

.032 

,223 

.471 

.423 

.411 

.347 

117 

.035 

.265 

.476 

.384 

.393 

.322 

121 

.053 

.288 

.487 

.413 

.406 

.371 

129 

.041 

.295 

.471 

.416 

.432 

.364 




A verfige - - - - - - 

.040 

.268 

.476 

.409 

.411 

.351 




EXPERIMENT 2, LIGHT WORK. PERCENTAGE OF CREATINE ON THE FAT-FREE 

ANB WATER-FREE BASIS 


Exercised: 







80 

0.139 

1. 30 

1.79 

1.70 

1,76 

1. 46 

116. 

.142 

1.22 

1.80 

1. 67 

1.19 

1.28 

119... - - 

.152 

1.22 

1.90 

1. 72 

1.64 

1. 43 

125.. 

. 172 

1. 22 

1. 77 

1.80 

Lf)0 

1. 41 

Average-- 

.151 

1.24 

1. 8‘2 

1. 72 

1.55 

1, 40 

Hnexereised: ' 







103 -■ 

.121 

1.23 

1.98 

1. 77 

1.81 

1.52 

117, 

. 132 

1.39 

1. 93 

1.67 

1. 73 

1.38 

121... ' 

.206 

1.52 

2.04 

1.74 

1.74 

1.59 

129 

.153 

1.57 

1.89 

1. 71 

1.82 

1.51 

Average — 

.153 

1.43 

1. 96 

1.72 

j 1. 78 

1.50 


Of the 11 tissue samples analyzed for creatine in experiment 1, 10 
showed smaller average percentages of creatine on the protoplasmic 
basis for the exercised steers than for the unexercised. While this 
outcome is suggestive of an effect of muscular training it falls short 
of a demonstration. The average differences are in the main slight, 
and the application of statistical analysis, either to the analytical 
results of individual tissues or of all muscular tissues combined, does 
not give any clear indication that the creatme content of the tissues 
of the two groups of steer calves was determined by any factors biit 
those common to both groups. It is worthy of note that the creatine 
percentages for the different muscle samples are all of about the same 
order of magnitude, except those for the semitendinosus of the round 
and the psoas major of the short loin, which contain more than 0.1 
per cent more creatine. 

The percentages of creatine expressed on the fat-free and water- 
free basis for experiment 1 offer clearer evidence of a depressing 
effect of muscular training on the creatine content. All tissue samples 
show a lower average percentage of creatine for the exercised steers. 
Statistical analysis of the results of individual tissues reveals a 
decisive result only in the case of the special sample of round. Here 
the average difference is 0.35, the standard deviation is 0.145, 1 is 3.41, 
and the probability is about 0.015 that the values for the two groups 
of steers wyere the result of common factors only. It seems fair to 
neglect this small probability ^d^to conclude that with respect to 
this sample some factor operating in one group but not in the other 
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aecoimted. for the average depression in creatine content, . This, 
factor could only have been the muscular work imposed on one of the 
groups of steers. 

A comparison of the creatine percentages of the two groups of 
steers with respect to heart muscle indicates a probability of slightly 
less than 0.05 that a random operation of common factors alone 
determined the difference between groups. Wliile this probability 
is too large to be neglected, it is Mglily suggestive that muscular 
training was involved in the production of the lower percentages for 
the exercised steers. 

A fiirther statistical analysis w^as made by combining all the 
analyses of muscle samples that contain approximately the same 
percentage of creatine, except the special sample from the round 
wliich gave significant results by itself. The two muscles with a 
high creatine content, the semitendinosus and the psoas major, wexe 
thus excluded. For the remaining six muscles, the imexercised 
steers gave an average creatine content of 1.9771 per cent of the fat- 
free dry matter, while the exercised steers gave an average of 1.8808 
per cent, a difference of 0.0963. The standard deviation from these 
two averages is 0.1260, and the value of t is 2.644; for this value of 
t and /I is 46, the probability desired is about 0.01. It may, therefore, 
be concluded that the preponderance of evidence shows that pro- 
longed muscular training has lowered the creatine content of the 
muscular tissues generally. 

The creatine calculations expressed as percentages of creatine 
nitrogen on the total nitrogen do not reveal an}^ more distinct differ- 
ences than do the percentages of creatine in the fat-free dry matter. 

It is noteworthy that the liver does not show any significant 
differences in creatine content on any basis of calculation, in contrast 
with all other comparisons, in which the effect of muscular training 
was more marked and clear cut with respect to the liver than mth 
respect to any other tissue. This is true not only for the data of 
experiment 1, but also for the data of experiment 2. 

In experiment 2, as in the hrst experiment, the special sample of 
round muscles shows the most marked effect of muscular training. 
The percentages of creatine on the protoplasmic basis show an 
a’yerage difference of 0.036, a standard deviation of 0.0115, and a 
value of t of 4.43, indicating a probability of considerably less than 
0.01 that a chance combination of factors common to both groups of 
steers accounts for the average difference observed. This probability 
is small enough to be neglected. For the same sample, the average 
percentages of creatine on the fat-free and water-free basis for the 
two groups differ by 0.14 , the standard deviation is 0.0616, the value 
of Ms 3.21, and the probability is about 0.019 that chance factors 
only were responsible for the group difference. Again, this is small 
enough to be neglected. The probability that chance factors 
accounted for the difference between average percentages of creatine 
foivthe heart is about 0,05. 

If a single analysis is made of the creatine results for the round, 
ribs, and shank, the probability that the average percentages on the 
protoplasmic basic are the result of common factors only is about 
0.10, while, for the average percentages on the fat-free dry matter, 
the probability is 0.02 (M 2.52, n=22). The latter probability is 
sufficiently low to neglect. It may be concluded, therefore, that in 
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tliis as well as in the other experiment, the data indicate clearly that 
prolonged iiiiisciilar training depresses the creatine content of muscle, 
an effect that is most clearly discernible only when variations in the 
fat and water content of the muscle have been eliminated by com- 
puting the creatine content as a percentage of the fat-free dry matter. 

In order to determine the extent to which creatine percentages on the 
protoplasmic basis in one muscle sample were related to creatine per- 
centages in other muscle samples from the same carcass, correlations 
were made between deviations of each group of four percentages from 
its own mean, and deviations of all other groups, making all possible 
pairings of deviations relating to the same steer. In experiment 1 
288 such pairings were made from all the muscle samples except the 
heart, and the correlation coefficient is +0.206, perfect correlation 
being represented by + 1 . For the four muscle samples of experiment 
2, there were 48 possible pairings, and the coefficient of correlation 
is + 0.406. Putting its rightful emphasis upon the former coefficient, 
it may be concluded that only a slight correlation exists between the 
creatine content of one muscle and that of another in the same carcass. 

COLLAGEN AND ELASTIN CONTENT OF THE MUSCLES 

The results of the determinations of collagen and elastin in the 
iniiscle tissue, expressed as collagen and elastin nitrogen in per cent 
of the total nitrogen, are summarized and averaged in Table 8. 

Table 8. — Collagen and elastin contents of the tissue samples from steers on heavy 
and on light work and from unexercised steers 


P:XPEHIMENT J, heavy work, collagen NITROGEN AS PERCENTAGE OF TOTAL 

NITROGEN 




Special 

sample 

of 

round 

Round muscles 

Short loin 

Ribs 

Flank 

Chuck 

Treatment and 
steer No. 

Heart 

Seini- 

meni- 

brai!- 

osus 

Semi- 

ten- 

dino- 

sus 

Biceps 

femoris 

Longis- 

simus 

dorsi 

Psoas 

major 

Longis- 

simus 

dorsi 

Obli- 

QUUS 

exter- 
nus ab- 
dominis 

Triceps 

brachii 

Exeroised: 

84 

11. 6 

7.5 

5.5 

5.2 

4.6 

3,1 

4.6 

2.9 

6.7 

5. 5 

9 

9, 3 

13. 6 

6.3 

7.7 

7.0 

5. 9 

6.8 

4.4 

10.2 

7. 4 

62 

9. 5 

4.0 i 

6.3 

11. 8 

8.4 

5.1 

5.3 

4.4 

8.1 

6.6 

34--.. ' 

13. .3 : 

7.8 1 

5.3 

14.0 

6.9 

4.8 

10. 4 

4.6 

9. 2 

10.3 

Average 

10. 9 

8.2 ^ 

5.8 

9.7 

6.7 

4. 7 

6.8 

4.1 

8.6 

I- 4 

Unexercised: 

' '23- ... 

12.8 

8. 5 ■ 

5.4 i 

5.2 

4.8 

3. 2 

4.2 

3.1 
5.6 1 

6. 0 

6.3 

.21.. ■ 

11.8 

7.5 

6.4 I 

8.1 1 

9.1 

6. S 

6.6 1 

7. 3 

8.3 

43- - -- 

12.8, 

4.1 

7.1 I 

10.7 

9.3 

5.S 1 

7.6 

5.3 ! 

8.9 

8.3 

m.--. - 

11.9 

S.5 

5.0 1 

11.4 

7.8 

4.4 ' 

9.1 

5. 6 

8. 6 

10.1 

Average 

12. 3 

7.2 

6. 0 i 

8.8 

7.8 1 

5.0 

6.9 

4.9 i 

, 7.7 

8.2 


EXPERIMENT 1, HEAVY WORK, ELASTIN NITROGEN AS PERCENTAGE OF TOTAL 

NITROGEN 


Exercised: 

84,-. 

0. 26 


0.070 
. 112 
.082 
.116 

1.7 
2.5 
2.0 
3, 3 

0.23 
.10 
.16 
. 10 

0.062 
, 042 
.051 
.(BO 

0. 102 
.081 
.057 
.108 

0. 056 
,046 
.095 
.049 

0.143 

.100 

,087 

.200 

0. 095 
. 042 
.110 
,079 

9,....:.. 

62---..-.-..----..,- 
34' 

. .32 
.30 
,11 

0. 16 
.11 
.26 

Average,-., — 

' ■ , 25 

.18 

.095 

2.4 

.15 

.059 

.(B7 

:.,062 

,.132 

.082 

Unexercised: 

23---.. 

.36 ^ 

.12 

. 112 

2,8 

.20 

■ .077 * 

'.089 ' 

.055 

.135'^ 

.106 

21—. 

.38 i 

.14 

.0^ i 

3.0 

■ .14 

.064 

.063 

' . 075 

,090 

.047 

■ 43-- 

^ .SS'I 

.13 

.082 

2.9 i 

.16 

.054 

.049. 

.056 

' , 112' 

.100 

36 ■ 

.32 i 

.09 

.084 

■ -2.41 

.13 

.074 

.058 

. 044 

,136 

,072 

Average 

.35,: 

i 

,12 

.094 

2.8 

.16 

.067 

.065 

V-,058 

.. 118 

.mi 
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Table 8. — Collagen and elastin contents of the Hssne sani pies from steers on Jmwy 
and on light tim'k and from unexercised st€ers~~ConU^^ 

EXPERIMENT 2, LIGHT WORK. COLLAGEN NITROGEN AS PERCENTAGE OF TOTAL 

NITROGEN 


Treatment and 
steer No. 

i 

1 

Heart | 

.1 

Special 

sample 

of 

round 

Round 

Ribs 

i 

Shank 

Loin 

end 

Short I 
loin 1 

Riimpl 

! 

! 

Plate j 

j 

Chiiekj 

Flank 

Exercised : 








1 




SO 

7. 5 

5.5 

12. 4 

11.2 


8.6 

11. 5 1 

: 11.2 i 

15.4 

15.7 

13. 6 

116 

8.8 

5.2 

9.5 

12.1 


9.7 

9.3 

9. 5 ' 

14.3 

14.3 ■ 

1 14. 1 

119-.-.-. ' 

7.8 

5.3 

12.8 

13.7 

24. 7 ' 

8.4 ' 

11.6 1 

11.1 1 

15. 6 

15.5 

! 12. 4 

125- : 

8.3 1 

4.2 

12.0 

7-8 

23.1 

12.0 

11.2 i 

12.4 ' 

14.4. 

16.1 

1 12. 6 

Averajre — 

8.1 ; 

5.0 

11.7 

11.2 

23.9 

9.7 

10.9 : 

11.0 

14.9 

15. 4. 

1 13. 2 

1 

Unexercised; 











! 

103. 


8.4 

10.7 

13.8 

23.3 

11.4 

12. 2 

13.2 

12.8 

14.8 


117 

11.8 

5.1 

12.6 

13.4 

26.4 

11.6 

11.2 

11. 0 

16. 0 

15. 7 

14. 9 

121 

,8.0 

7.9 

11. 1 

8.3 

21.1 

10.5 

11.8 

11. 6 

1 14.4 

i 16. 3 

16.4 

129..- 

7. S 

5.3 

12.0 

13. 1 

21.6 

11.7 

10.2 

13.4 

14.0 

16.3 

10. 6 

Average 

9.2 

1 

6,7 

11. 6 

12.2 

23.1 

1 1L3 

( 

11.4 

12. 3 

1 

14.3 

15. 8 

14.0 


EXPERIMENT 2, LIGHT WORK, ELASTIN NITROGEN AS PERCENTAGE OF TOTAL 

NITROGEN 


Exercised: 

80- - 

116 

119 

125 

0.20 

.22 

.20 

.20 

0. 082 
.110 
.116 
.062 

0. 48 
.37 
.42 
.47 

1.03 

.81 

.92 

.94 

0.08 

.25 

.36 

0. 16 
.12 
.18 
.11 

0. 43 
22 
!40 
.38 

0. 26 
,18 
.20 
.20 

2.0 

1.2 

1.6 

1.4 

0. 49 
.40 
.40 
.49 

- 1.71 
.69 
1.33 
1. 08 

Average - 

.20 

.092 

.44 

.92 

.23 

.14 


.21 

1. 6 

.44 

1. 20 

IJnexercised: 












103 - - 


.118 

.58 ' 

.99 i 

.10 

.20 

■ .43 

-28 

2. 1 

.57 


■ 117.. 

.36 

.180 

.29 

.93 

.15 

.17 

.46 

.21 

1.6 

.49 

1.34 

121 

.39 

.101 

.25 

.70 

.20 

.14 

.29 

.21 

L2 

.43 

.96 

129 ...1 

.19 

.097 

.71 

1. 10 

.32 

.10 

.36 

.30 

2.0 

.51 

1.09 

Average 

.31 

.124 

.46 

.93 

.19 

.15 

.38 

.25 

1.7 

.50 

1.13 


It was evident during the making of these determinations that the 
collagen results were too high, due to the inclusion in the gelatin fil- 
trates of nongelatin material identified by its content of tryptophane. 
The determinations of experiment 2 were run in no orderly fashion, but 
those of experiment 1, undertaken the following year, were run in 
pairs, so that, for each muscle tissue, a sample from an exercised and 
an unexercised steer were run simultaneously. In each determination, 
the gelatin filtrate was tested for tryptophane by the Ehrlich colori- 
metric reagent, and each test was graded roughly according to the 
intensity of color as faint, medium, and strong. When these tests 
wete assembled and compared at the end of the experiment, it was 
evident that there was a strong tendency for determinations made 
simultaneously to give similar tryptophane colorations in the gelatin 
filtrates. Of 39 such simultaneous determinations on wMch color 
gradings were recorded, 37 were given equal gradings and only 2 un- 
equal gradings. It thus appears that, although all collagen deter- 
minations are too Mgh, those run simultaaeously, having been sub- 
nntted to more nearly equal conditions of time and temperature, 
contain similar contaminations of nongelatin nitrogen in the gelatin 
filtrate and hence are comparable. 

The steers in experiment 1 were paired for collagen determinations 
as follows: Nos. 84 and 23, 9 and 21, 62 and 43, and 34 and 36. 
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Wlien the deterniiiiations are thus paired, and the result for the 
exercised steer of each pair is subtracted from the result for the iin- 
exercised steer, the differences collected in Table 9 are obtained. 


Table 9. — Differences in the 'percentage of collagen nitrogen between the tissues 
from pairs of steers upon ivhich determinations were made simultaneously^ Experi- 
ment 1 , heavy tvork 


Pair composed of 
steers, Nos. 

Heart 

Special 
sample 
of round 

Round muscles 

Short loin 

Ribs 

Flank 

Chuck 

Semi- 

mem- 

brano- 

sus 

Semi- 

tendi- 

nosus 

Biceps 

femoris 

Longis- 

simus 

dorsi 

Psoas 

major 

Longis- 

simus 

dorsi 

Obli- 

quusex- 

ternus 

abdom- 

inis 

Triceps! 

hrachii 

84 and 23,. 

1.17 

1.05 

-0. 14 

0.04 

0. 18 

0.09 

-0. 34 

0.21 

-0. 70 

0. 73 

9 and 21, 

2.52 

-6. 10 

.11 ! 

.41 ' 

2.06 

.96 

25 

1. 12 

-2. 82 

.87 

62 and 43 

3. 32 

.13 

.80 ; 

-1.09 

.86 

,72 

2.29 

.94 

.56 

1. 70 

34 and 36 

-1.46 i 

. 72 

-.28 i 

-2.53 

.89 

-.40 

-1. 30 

1.02 

-.62 

— . 22 


It will be noted that, of the 40 differences, 26 are positive and 14 
are negative, indicating that in general the muscles from the exer- 
cised steers contained less collagen than the muscles from the unex- 
ercised steers. Furthermore, one of the negative differences involves 
an aberrant result on the special round sample of one of the exer- 
cised steers (No. 9), a result that is much higher than any other and 
may represent a different type of muscle sample than the others, in- 
cluding a different selection of muscles or possibly the inadvertent 
inclusion of more tendinous tissue. 

If all of the differences, with the exception of the difference above 
noted representing the special round comparison of steers 9 and 21, 
are averaged, a result of -f 0.29 ±0.13 is obtained. Since this differ- 
ence is only a little more than twice its probable error, it is not statis- 
tically significant, but it is nevertheless suggestive of an effect of 
muscular training. 

Among the comparisons of collagen analyses on the individual 
muscles, only two, that for the biceps fenioris of the round and the 
longissimiis dorsi of the ribs, indicate a significant difference between 
exercised and unexercised steers or a difference approaching signifi- 
cance. In the case of the biceps fenioris, the average difference is 
±1.00, the standard deviation 0.676, the ratio of the two, 2 j is 1.5, 
and the probability according to Student is only 0.04 that the aver- 
age is a result of chance. For the longissimiis dorsi muscle of the 
ribs, the average difference is ±0.82, the standard deviation 0.36, the 
ratio 2 is 2.3, and the probability is only 0.014. If the differences 
representing the longissimus dorsi muscle in the rib cut and in the 
short loin are combined, the mean difference is ± 0.71, the standard 
deviation 0.53, 2 is 1.33, and the probability that the mean is the 
result of a random combination of factors common to both groups of 
steers is only 0.0049. This and the preceding probability are so 
small as to be negligible, so that it may be concluded that for this 
muscle at least the evidence is clear that muscular training has de- 
creased the collagen content. In the case of no muscle w^as there any 
indication approacMng significance that muscular training had in- 
creased the percentage of collagen nitrogen- 
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The elastiii analyses of experiment' 1 do not indicate any general 
significant effect of muscular training, except mtli respect to the 
heart nmscle. Here, in every pair of analyses, the result on the 
iinexercised steer was greater than that on the exercised, the average 
difference being 0.10 per cent.^ The standard de^fiation of the four 
differences is 0.0634, the ratio 2 is 1.66, and the probability that chance 
produced the average difference is only 0.033. 

In experiment 2, involving the lighter intensity of w^ork there are 
no clear indications of an effect of muscular training, although again 
there are suggestions that the percentage of collagen nitrogen, and 
also of elastin nitrogen, have been depressed by work. In 8 of the 11 
samples of muscle analyzed, the average percentage of collagen 
nitrogen was lower for the exercised steers than for the unexercised, 
and in 9 of the 1 1 samples the average percentage of elastin nitrogen 
was low^er for the exercised than for the unexercised steers. How^ever, 
the variations among individual analyses are too great to permit any 
positive interpretation of these average differences. 

An interesting confirmation of these results on the collagen contents 
of the muscles of exercised and unexercised steers are the results ob- 
tained on the tenderness of the cooked ribs obtained from the half 
carcasses not submitted to chemical study. This work was done by 
the United States Department of Agriculture. A committee trained 
in the grading of the various factors contributing to the palatability 
of cooked meat, including its tenderness, tested all of the 16 rib roasts ® 
from the steers of this experiment. In addition, the cooked roasts 
were subjected to a mechanical test for tenderness employing the 
method described in Technical Bulletin 217 of the United States 
Department of Agriculture {2). Through the courtesy of the 
department the writers have been permitted to refer to these results 
here in so far as they relate to tenderness. In a series of roasts cooked 
by a carefully standardized method as these were, it is to be expected 
that tenderness would vary inversely with the collagen content of the 
raw^ meat. 

In 1929, when the experiment involved the lesser degree of exercise, 
there w^as an indication that the meat from the exercised cattle was 
more tender than that from the unexercised cattle. This conclusion 
is based upon both the average committee gradings and the average 
resistances of the meat to the mechanical device. However, variation 
among individual roasts, together with the small number involved 
in each group, detracts from the significance of this indication. 

In the 1930 experiment, when there was much more exercise 
involved and the eight animals were paired, there was a greater differ- 
ence in tenderness between the exercised and unexercised cattle as 
shown by the average committee gradings and mechanical tests on the 
cooked roasts. With three of the four pairs the judges found the 
meat from the exercised cattle more tender than that from the 
Iinexercised cattle. With the other pair the difference -was too small 
to be regarded as of any significance. For that pair of roasts the 
mechanical test showed, in fact, that exercise had made the meat less 
tender. With this exception the mechanical test supported the 
gradings by the judges. 

In addition to the roast, a round steak was cooked from each of the 
16 cattle in the two years' work. In 1929 the steaks w^ere from the 


® Tliese rib roasts were taken from tbe half csaxcasses not submitted to chemical analysis. 
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lieel of the round and were somewhat lacking in;iiniforniity, due to 
Tariatioiis in cutting. For this and other reasons it was impossible to 
cook (broil) the steaks by a method as well standardized as that 
employed in roasting the rib cuts. Therefore the value of the data 
may be questioned but they suggest results in accord with those 
obtained from the rib cuts from the same experiment. 

The round steaks in 1930 w^ere uniformly cut and were taken from a 
more desirable part of the round than were those of 1929. Again the 
method of broiling w^as not standardized, but it is believed that there 
was greater uniformity in the cooking of the eight steaks than in 1929. 
Considering both committee gradings and mechanical tests of tender- 
ness the data suggest that the steaks from the exercised cattle were 
slightly more tender than those from the unexercised cattle. 

Any general statement of results must take into account the small 
total number of animals involved, the variability observed, and the 
lack of precision in the methods available for measuring tenderness. 
Making allowance for them, the data indicate that exercise was a 
factor contributing to tenderness, but the residts can not be looked 
upon as altogether conclusive. When exercise was light, the com- 
parative figures suggested that exercise increased tenderness; when 
exercise was heavy, the comparative figures showed a slightly greater 
association of tenderness with exercise. 

ASH CONTENT OF THE TISSUES 

The tissue samples obtained in experiment 1 were analyzed for 
total ash, but since the results were very uniform and disclosed no 
effect of muscular training they will not be given in detail. Expressed 
on the protoplasmic basis, the ash content of the heart samples aver- 
aged 1,075 per cent, that of the livers, 1.435 per cent, and that of the 
72 muscle samples 1.145 per cent. The coefficient of variation of the 
latter group of results was only 4.45. 

SUMMARY AND CONCLUSIONS 

The effect of muscular activity on the chemical composition of the 
tissues of Hereford steer calves has been investigated in experiments 
covering 2 years. Each experiment involved 8 calves, 4 closely 
confined and 4 exercised daily on a treadmill. The exercise wa's 
continued for 122 days in one year and for 131 days in the other. In 
one experiment the muscular work imposed was much more intense 
than in the other, the working period averaging about 3 hours 
daily as compared with 1 hour daily. All steers were slaughtered at 
weights of 750 to 850 pounds, and samples oJ blood, heart, liver, and 
muscles were taken for analysis. In one experiment the total lean 
from each of the nine wholesale cuts from one-half of the carcass, 
separated from all visible fat by knife, constituted the muscle sam- 
ples. In the other experiment, eight selected muscles were analyzed 
separately, and in both experiments a special sample of the inner and 
Upper round were taken from the fresh carcasses for immediate study. 
The results obtained waiTant the following statements with reference 
to the effect of long-continued muscular activity on the chemical 
characteristics of beef muscle and of other tissues - 

No effect on the v^ater, iron, hemoglobin, or red-cell content of the 
blood was produced. 
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No effect on the iron and hemoglobin content of the tissues was 
noted except the iron content of the bone marrow. In the one ex- 
periment (light work) in which this tissue was examined, muscular 
work clearly and markedly reduced the iron content. 

While the results of the fat determinations suggested that muscular 
work tends to lower the content of ether-soluble material in all tissues, 
only the liver showed a clear and decisive effect, evident in both 
experiments. The results for the heart muscle were more nearN 
decisive than those for any other muscle sample. 

In the experiment involving the heavier degree of work the evidence 
is clear that work lowers the content of water in liver, heart, and 
skeletal muscle, the effect on the liver being the most pronounced. 
The lighter work .markedly lowered the water content of the liver, 
but its effect on the water contained in the muscles was less evident 
than in the other experiment. These findings were revealed by 
calculating the water content to the fat-free, so-called protoplasmic, 
basis. 

No evidence was obtained that the condition of the water in muscle, 
that is, whether bound or free as measured by the heat-of-fiision 
method, was at all affected by muscular work. 

The heavier degree of work distinctly lowered the nitrogen content 
of the fat-free dry substance in the liver and exerted a general though 
less distinct depression of this percentage in the muscles. The effect 
of the lighter degree of work was only evident in the liver. It appears 
probable that this general reduction in the nitrogen content of the 
dry substance of the tissues produced by the heavier degree of work 
is the result of three changes: (1) A decrease in nitrogenous extrac- 
tives; (2) an increase in glycogen; and (3) an increase in lipoids not 
extractable by ether. 

In both experiments the evidence indicates cleariy that prolonged 
muscular training depresses the creatine content of "muscle, an effect 
that is most clearly discernible only when variations in the fat and 
water content have been eliminated by computing the creatine con- 
tent as a percentage of the fat-free dry substance. The muscle sam- 
ple taken from the carcass immediately after slaughter and analyzed 
immediately showed this effect of work more clearly than did" the 
muscle samples taken from the chilled carcasses. 

Muscular work tends to lower the collagen content of muscle, 
expressed as a percentage of collagen nitrogen on the total nitrogen. 
Possibly the muscular work induced a hypertrophy of muscle tissue 
with no corresponding increase in the connective tissue elements. 

The ash content of the tissues was not appreciably affected by the 
kind and degree of muscular work imposed in these experiments, 
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THE DEVELOPMENT AND FUNCTIONAL ACTIVITIES OF 
THE ALBINO RAT AS AFFECTED BY DIETS DEFICIENT 
IN IRON L 

By Thomas B., Kbitk, hisinictor in Animal Husbandry, and Rulssell C. Miller, 

Associate in Animal Nutrition, Institute of Animal Nuirition, Pemisylvarda 

State College 

INTRODUCTION 

This study seeks to throw light on the general subject of the fiiiic- 
tions of iron in nutrition. The experimental animal was albino rat, 
and the iron was supplied in natural foodstuffs. An iron-poor diet, 
the source of the protein and the iron of which is dried skim-milk 
powder, is compared with an iron-rich diet containing meat, as affect- 
ing the growth, the fasting metabolism, the blood composition, and 
the reproduction of the rat; and also as affecting the histology of the 
liver, the kidney, the spleen, the skeleton, and the muscle of this 
species. 

REVIEW OF LITERATURE 

Milk is a food having a characteristically- low iron content. This 
was reported by Bunge (10).^ Abderhalden (!) first show-ed that an 
animal fed an exclusive milk diet developed anemia. Hart, Steen- 
boek, and associates {22; 23; 24; 51; 11 ^ p. 72-75) ^ Beard and his 
associates (d, 6*, 7, S, 4^, 44)r Titus and Hughes (50), and Ehauss 
{26 j 27 j 28 j 29) are among the recent investigators wdio have produced 
nutritional anemia by the exclusive feeding of liquid whole milk to 
rats. Whipple and Robscheit-Kobbins {52) have demonstrated the 
ineffectiveness of milk to cause blood regeneration in dogs made 
anemic by bleeding, and Miller, Forbes, and Smythe {40) ^ and Miller 
and Forbes {39) have shown that the iron content of the bodies of 
rats becomes subnormal as a result of feeding on diets in which the 
iron and protein is supplied solely by dried milk. 

In spite of the fact rats fed milk are anemic, with less than normal 
amounts of iron in their bodies, the grovrth of rats on milk diets after 
weaning is not much less than the normal. Also during the suckling 
period the mother^s milk supports rapid growTh but does not induce 
much iron storage. 

According to Abderhalden {2) and Williams and Ets (r55), the per- 
centage of hemoglobin in rat's blood diminishes during the suckling 
period, yvhen the sole food is the mother's milk. Smythe and Miller 
i 40 ) found a decrease in the percentage of total iron in the bodies of 
suckling rats, though the absolute amount of iron increased some- 
what during the same period. After W'eaning, the percentage and 
absolute amounts of iron in the rats' bodies both increased rapidly. 
The iron content of females was depleted during pregnancy but 

i Received for publication Xov. 3, 1932; issued Junevl933. This investigation was financed in part by 
a grant from the National Livestock and Meat Board fellowship fund of the National Research Coimcii. 

The authors wish to express their appreciation to Dr. E. B. Forbes for the initiation and direction of 
this investigation; to Prof. G. B. New'man, of the Fennsylvania State College, for guidance in the histolog- 
ical wwk; and to Dr. Peter Olafson, of the New Yorik State Veterinary College, at Cornell University, 
for counsel in the interpretation of conditions predated in the preparation of the tissues. 

3 Reference is made by number (italic) to Literature Cited, p. 959. 
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returned to normal after the young were weaned. These observa- 
tions of Sniythe and Miller on suclding rats have been confirmed by 
Lintzel and Kadeff (SO). 

It is recognized, on the strength of evidence to be cited, that exclu- 
sive milk diets do not adequately support reproduction, and there is 
some evidence that the low iron content of milk is, at least in part, 
responsible for its nutritive deficiency in this respect. 

Waddell, Steenbock, and Hart (11) found that when milk was fed 
to rats as the sole food, fortified only with copper and iron, living 
young were produced to the third generation, although both growth 
and reproduction were diminished. When small amounts of man- 
ganese, or iodine, or both, were added to the diet reproduction 
improved greatly, 

Krauss (29) did not obtain any reproduction when rats were fed 
an exclusive whole milk diet. The addition of copper; iron and 
copper; iron, copper, and yeast; iron, copper, and wheat-germ oil; 
yeast alone; or cane molasses permitted reproduction, but this was 
in no case normal. Lactation was poor. 

Daniels and Hutton (14) overcame the reproductive diiSiculty 
accompanying exclusive milk feeding by using a complex mineral 
supplenient containing aluminum, potassium, sodium, fluorine, 
silicon, manganese, iron, and iodine. 

Anderegg (S) obtained reproduction and lactation while feeding 
whole milk powder wdth supplements of iron citrate, 0.2 per cent, and 
agar-agar, 4.8 per cent. Later Anderegg and Nelson ( 4 ) made a 
study to determine the supplements necessary to make whole and 
skim milk powders adequate to support reproduction. Whole-milk 
powder properly supplemented with iron salts and carbohydrate, or 
with iron salts alone, supported good growth, reproduction, and 
rearing of young, the amount of iron salts added having a pronounced 
effect upon the reproduction. Skim-milk powder required an addi- 
tional supplement of either yeast or wheat embyro before successful 
reproduction could be obtained. 

Clayton (IB) credits part of the success of Anderegg to the ash 
content of the agar-agar. 

Mattill and Conklin (55) observed that when weanling rats were 
placed on a liquid milk diet no reproduction occurred, even though 
good growth resulted for 50 or 100 days; neither did the use of dried 
whole milk or dried skim milk, to which butter was added, favorably 
influence reproduction. Examination of the testes showed that 
motile spermatozoa were present. The ovaries were 50 per cent below 
normal weight. The authors stated that possibly milk is lacking 
both quantitatively and qualitatively in substances necessary for 
successfiil adolescent growth and for reproduction, especially in the 
female, ^ Later Mattill and Stone (S6) found reproduction unsuc- 
cessful in both male and female rats receiving rations in which all of 
the protein and known vitamins were supplied by varying propor- 
tions of dried whole milk. 

^ Still later Mattill, Carman, and Clayton ( 34 ) founditliat a milk diet 
Mgh in fat did not support reproduction in rats,|biit that the addi- 
tion of 5 tolO per cent of wheat embyro restored reproductive powers. 
When a milk diet low in fat was used, marked reproductive failure 
did not appear. 
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Slierman and Miililfeld {48) demonstrated that as the proportion of 
whole-milk powder was , increased in ■ a diet already adequate .for, 
growth, reproduction, and lactation, there resulted increased ferthity 
among females, an increase in the number of offspring, an increase in 
the size attained by the young during suckling, and a longer period of 
reproduction. These findings, therefore, show that while milk used 
as the sole food is nutritively adequate to support growth, its defi- 
ciency in iron, and^ in other factors, results in deficient nutrition of 
the blood, and possibly also in subnormal reproduction. 

Meat as compared with milk has a relatively high iron content, 
and its usefulness in the nutrition of the blood and in curing second- 
ary anemias is well established. The literature concerning iron in 
this relation has been reviewed by Hall {20) j Meyer (38), Robsclieit- 
Robbins {47) ^ and Krauss {29). 

Miller and Forbes (55) have reviewed the literature pertaining to 
the value of meat protein for growth, and for reproduction. 

The present investigation was cohceriied with the relative useful- 
ness of meat and milk as sources of iron for growth, nutrition of the 
blood, and reproduction, and as affecting beat production and the 
histology of the tissues. 

EXPERIMENTAL PROCEDURE 

An outline of the schedule of experimentation is presented in Table 1 . 
The experimental subjects were albino rats from the colony of the Insti- 
tute of Animal Nutrition of the Pennsylvania State College. 

Experimental feeding began immediately after weaning, at which 
time the rats were 24 to 28 days old and weighed from 35 to 45 g. 
These rats were the offspring of females that had been fed the stock 
diet, the composition of which is given in the follovdng tabulation: 


Stock ration: 

Yellow corn 25 

Wheat red-dog flour---------- — 22 

Oat flour 15 

Linseed meal 15 

Blood flour - 10 

Ground malted barley — — 10 

Sodium chloride _ _ - - - _ - — 1 

Precipitated calcium carbonate — 1 

Precipitated bone — - — 1 

Cod-liver oil _ - - . - 5 

Wheat-germ middlings. _ — . _ _ - — 5 


Total ------ 110 


This ration contained 22 per cent of crude protein and 0.027 per 
cent iron. Part of the stock from which the rats were derived had 
been fed this diet during the last 14 generations. In addition, wheat- 
germ oil was given to the females once daily, with a medicine dropper, 
during the latter half of the growth period and throughout the periods 
of breeding and pregnancy. 

The experimental rats were fed individually in galvanized-wire 
cages provided with wire false bottoms to prevent access to excreta. 
Each rat had access to fresh tap water at all times. 

The food intake was controlled in all animals, except the females 
during gestation and lactation, when they were allowed as much food 
as they would consume; otherwise all rats were fed %veighed daily 
portions of feed, seven such portions being w^eighed at one time and 
stored in tin boxes until used. 
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Table 1. — Schedule of experimerdation 





Dura- 



Generation of animals, 

Diet 

Number 

tion of 

Protein feeds i 


experimental series, and 

and sex of 

experi- 


Experimental treatment 

dade 


rats 

mental 

feeding 

j 

i 


First generation: 





/All animals used for the de- 






termination of heat pro- 

Series 1 — 


[4 females. . 
1.4 males 



duction and blood constit- 

Started Oet. 19, 

23 

} 

Skim-milk powder. 

uents; 4 females used for 

1928 


reproduction; 4 males used 
for histological investiga- 











1 tion. 


24 

(4 females.. 

:} 15 

/Skim-milk powder 

} Do, 


\4 males 

i, and beef muscle. 

Series 2-— ' 






Started Mar. 23, 

f 23 

5 females. . 

15 

Skim-milk powder . 

Used for testing reproduction. 

1929. 

1 '' 

...do 

15 

Skim-milk powder 
and beef muscle. 

Do. 


Series 3— 

Started Jan., 1930. 

j 23 

15 females. 

15 

Skim-milk powder . 

Used for testing reproduction 


16 females. ! 

15 

Skim-milk powder 

and blood constituents. 

Do. 


1 



and beef muscle. 


Second generation" 






Females from series 

f 23 

11 females. 

15 

Skim-milk powder. 

Do. 

1 , 2, and 3 

1 '24 

18 females. 

15 

Skim-milk powder 
and beef muscle. 

Do. 


i 


The rats received the vitamin supplements separately, pellets of 
Harris Yeast Vitamin being given daily in the feed cups, and cod-liver 
oil daily with a medicine dropper. 

For the growth experiments the rate of food allowance was deter- 
mined by the food consumption of the group of rats eating the smaller 
amount, the quantity of food eaten by this lot, in relation to its live 
weight, constituting the bases for the allowance of feed to the other 
lot. The quantities of food thus assigned are presented in Table 2, 
the make-up of the rations and the chemical composition of the diets 
in Table 3. The experience gained from this method of feeding, in the 
experiments of series 1 of the first generation, made possible the more 
successful regulation of the food in the succeeding experiments with 
both generations. The rats were weighed at weekly intervals, and 
the quantity of food given was computed on the basis of these w^eekly 
'weights. 

Table 2. — Numerical basis of control of food intake in grams eaten per week per 

gram of body weight 


Week No. 

First generation 

Second 

generation 

Series 1 

Series 2 

Series 3 

From first-gen- 
eration series 

1, 2, and 3 

Diet 
No. 23 

Diet 
No. 24 

Diet 
No. 23 

Diet 
No. 24 

Diet 
No. 23 

Diet 
No. 24 

Diet 
No. 23 

Diet 
No. 24 

1.:,. ........ ...... ..... 

0.62 

0.65 

0.84 

0.78 

0.78 

0.82 

0. 76 

0, 92 

2 ' ' 

.69 

.70 

.64 

.63 

.66 

.64 

.61 

.,'■64 

3.-,.-,.. ........ 

.70 

.59 

.55 

.56 

. 57 

.59 

. 57 ■ 

■ . 57 

4. ..................... 

.50 

.54 

.53 

.49 

.49 

. . 51 

.53 

. .51 


' .47 

.46 

.48 

.48 

-49 

.48 

. 49 

.47 

6 ..----...-..,...., 

.43 

.41 

.42 

.42 

.43 

.42 

■ w 41 

'.44 

7.-.---.,-... ....... 

.39 

.38 

.39 

.38 

,39 

,39 

.'.38 

.39 

8. 

.39 

.34 

.36 

" .38 

,35 

,37 

.' 35 .- 

'''■•"".36 

0 .. ... 

.34 

.31 

. 33 

.34 

. 32 

■' .32 

.31 

" .,'32 

10 ....... ................ 

.32 

.30 

,31 

.31 

.31 

.31 

.29 

,31 

11 ---. 

.30 

.30 

.30 

.30 

.30 

,30 

. 29' " 

.30 

12 

.28 

.29 

.29 

,28 

.28 ! 

.29 

.28 

.29 

13...... 

.29 

.W 

,27 

.27 

.27 i 

.27 

.27 

,27. 

14- — 

.26 

.28 

.25 

,25 

.25 

.25 

.25.'' 

.25 

15..: 

.25 

,24 

,25 

.25 

.25 j 

.25 

.25 : 

■" .25 
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Table 3. — Composition of diets « 


Components and constituents of diets 


Components: 

Skim-milk powder 
Dried beef muscle . 

Lactose 

Starch... 

Griseo - . 

Sodium chloride. . 

Fat 

Constituents; 

Crude protein 

Iron - 


1 Diet No. 23 ^ 

■Diet No. 24 « 

j 

1 Per cent 

Per cent 

\ 44. 37 

\ 44. 37 

1 moo 

10. CM) 

I 10.60 

1 31. 95 

21. 03 

1 13.18 

4. 10 

.50 

..50 

13.60 

10. C» 

15. (K) 

27. «} 

. ffi)i 

1 . CM)2 


« Cod-liver oil and Harris Yeast Vitamin were given daily, apart from the ration. 
^ Energy value, 494.7 calories per kilogram. 

»= Energy value, 494.5 calories per kilogram. 


When this method of food control is used, the apparent palatability 
of the diet, wlxich serves to determine the rate of feeding, may be 
fundamental, in the sense of being truly characteristic, or may he a 
secondary result of nutritive deficiency and consequent low state of 
nutrition. In this investigation the quantity of food consumed in 
proportion to the body weight became smaller each week until the 
maximum body weight was attained. 

There is room for question, however, as to the equitableness of this 
method of feed apportionment. Thus, since the maintenance require- 
ment of the smaller animal is greater in proportion to body weight 
than is that of the larger one, a smaller quantity of food in propor- 
tion to body weight is left for gain. In this respect, the larger animal 
is at a comparative advantage; but in another the advantage may 
rest with the smaller animal, which has thriven less well, since it 
may have less desire for food than has the larger animal, which has 
made the better growth. The larger animal, therefore, perhaps 
suffers from an unsatisfied appetite whereas the smaller animal does 
not. Since the comparative reaction of the two animals may differ 
with the nature of the ration it is impossible to say, in general terms, 
which animal enjoys the net advantage. 

At the termination of the 15 weeks feeding for growth, the rats 
were used for other phases of the study. 

The beef muscle fed was purchased in the local market. The lean 
portion was freed from the bone and fat and was ground twice in a 
food chopper made of nearly iron-free phosphor-bronze. The finely 
ground fresh muscle was placed in a glass dr\dng dish and dried in a 
Freas oven at about 85° C. The dried material was then further 
ground in the phosphor-bronze chopper. 

In planning the feeding treatments the iron-poor diet (No, 23) was 
first adopted, dried skim milk being the sole source of protein and 
iron; then the iron-rich diet (No. 24) was devised by substituting 
dried beef muscle for an equi-caloric portion of the nonnitrogenous 
components of the iron-poor diet. The two diets, therefore, were bal- 
anced as to energy value, but not as to protein content. The diets 
were not balanced as to protein because the protein of the iron-poor 
diet (dried skim milk) was considered to be fully adequate, both as to 
quantity and composition, and it would be theoretically inipossible 
for the "added dried beef muscle either to augment or to diminish the 
protein value of the diet Also inasmuch as vitamin and mineral 

1793T7— 33 6 
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nutrient requirements (other than iron) were fully satisfied by both 
diets, the basis was established for the demonstration of the additional 
niitrititive Yaliie of diet 24, as compared with diet 23, presumably on 
aecmint of its higher iron content, but possibly on account of other 
constituents of the meat. 

The iron content of the diets was determined by the modified 
thiocyanate-acetone method, which is discussed in detail by Miller, 
Forbes, and Smythe (40), 

GROWTH 


The data representing food intake and body gain are given in 
Table 4, while curves representing average growth, and histographs 
of total weekly food consumption are given in Figure 1 . 

Approximately normal growth was obtained from both diets 
throughout the three series, but the rats fed the high-iron diet (No. 
24) made a slightly greater increase in body weight in each case. 

This difference, how- 


/sr? 






ever, is too small to be 
significant. In series 
1, 2, and 3 the average 
daily gains in body 
weight of the rats 
which received the 
high-iron diet (No. 24) 
were on the average 
slightly greater than 
the gains of the rats 
w^hich received the 
low-iron diet (No. 23). 
Miller and Forbes (3^) 
in an experiment sim- 
ilar to series fed the 
same two diets at a 


Figure 1.— Average growth (curves) and average food intake (bars) of 
rats on iron-deficient (No. 23) and high-iron (No. 24) diets 


lower rate of food in- 
take and obtained a 


slightly greater average daily gain in body weight with the group fed 
the low-iron diet. 


The food eonsumpti n per gram of body weight was practically the 
same for the rats of both groups in all experiments; and the iron in- 
take of the rats fed the high-iron diet was more than twice that of 
those fed the low-iron diet- 


The findings of all three series are similar in respect to growth. 
The composite curves in Figure 1 show that the average rate of gain 
was lower for the rats of series 3 (first generation) and for the rats 
of the second generation than the average rates of gain for the rats 
of series 1 and 2 (first generation), which may possibly have been the 
result of the very warm weather which prevailed during the feeding 
of the groups first mentioned. This suggestion is supported by the 
experience of Hanson and Hays (j8J) who found, in a study of the 
growth of rats during different seasons of the year, that females bom 
during the fall have the greatest mean body weight at all ages and 
that tliose bom during the summer have the smallest body weight. 
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Table 4. — Foods and iron consumed and gains in body weight 


Generation 
and number 
of animals 
and experi- 
mental series 

Sex 

Diet 

No. 

First , genera- 
tion: 

Series 1— 

iMale— - 

23 

4 

Female.- 

23 

4 

Male— - 

24 

1 

Female.. 

24 

Series 2—- 
5 J 

_...do : 

23 

•5— --J 

1-'^^ : 

24 

Series 3— 
15 

...do 

23 

16 ' 

...do 

24 

Second gen- 
eration — 

11 

_._do.— - 

23 

17 

i 

...do— 

24 


Source of protein and iron 


|Skim-mi!k powder 

\Skim-iniIk powder and beeffj 
/ muscle. li 


Skim-milk powder 

Sikm-milk powder and beef 
muscle. 


Skim-milk powder. 

Skim-milk powder and beef 
muscle. 


Skim-milk powder 

Skim-milk powder and beef 
muscle. 


Average 
daily, 
gain 
in body 
weight 

Average 

daily 

food 

intake 

Average 

daily 

iron 

intake 

Average 
weekly 
food in- 
take per 
gram of 
body 
weight 

Grams 

Grams 

. Mun- 

gram 

Gram 

1. 48±0. 09 

6. 49 

0. 07 

0. 42 

1.17± .03 

6.04 

.cw 

.42 

2.22± .07 

8. 75 

. 18 

.41 

1. 43± .07 

6. 82 

.14 

.40 

1. 57± . 06 i 

6. 46 

.07 

.41 

l.OSrh .07 j 

7. 26 

, .14^ 

.41 

,9Si: .04 ; 

5.53 

.06 

.41 

1. 15.-t: . 03 

6. 49 

.13 

.42 

1.20± .04 

5. 91 

.06 

. 40 

1.13± .03 

6. 32 

. 13 

.42 


The food consumption and the average daily gains in body weight 
of the second-generation females are presented in Table 4 and in 
Figure 1. Since the number of individuals per treatment in eacli 
series of comparison was diminished in the tests of the second genera- 
tion, as compared with the first, especially among the individuals fed 
the low-iron diet, the individuals of the three series on each diet were 
combined to determine the average food consumption and gain in 
body weight. 

No evidence is found in the growth data to indicate that the low- 
iron diet adversely influenced the gain in body weight during two 
generations of feeding. 

HEAT PRODUCTION 


One phase of the investigation was to determine the effect of pre- 
vious feeding with the low-iron and high-iron diets on the fasting heat 
production. 

Meyer and OuBois (37) found an increased demand for oxygen in 
severe anemia, but no conclusive evidence was found of a definite 
level of basal metabolism characteristic of anemia. 

Pettenkofer and Voit (46) made a study of a severe case of anemia 
in man, in which they found the metabolism to be exactly the same as 
for a normal resting man. This inYestigation, however, was reviewed 
by Magnus-Levy (33), who concluded that in this case metabolism was 
increased by anemia. He came to the same conclusion in a study of 
a severe case of anemia, conducted by himself. 

In the present study each rat of the first series of tests was subjected 
to a measurement of the heat production by means of a modified 
Haldane apparatus (19), 

In the conduct of a respiration experiment a rat was fasted for 
approximately 24 hours and ww then kept for a period of 5 to 6 houm 
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in tlie respiration apparatus, during which time tlie^ carbon-dioxide 
production and the oxygen consumption were determined. The heat 
production as computed from these data, however, could not be 
considered acciiratelj to represent the basal metabolism of the animal, 
since the activit;y of the subject was not controlled. In every experi- 
ment the animal spent the greater portion of the experinientai period 
at complete rest, and in no instance was excessive activity observed. 

The critical temperature of the rat, on a basal plane of nutrition, is 
about 28^ C., according to Goto (18) and Benedict and MacLeod ( 9 ). 
The present respiration determinations were made during December, 
1929, in a room with a fairly constant temperature, varying, however, 
between 26° and 30°. The rats, when not in the respiration cham- 
ber, were kept in the stock-colony room, wliicli was maintained at a 
temperature of about 27° except during seasons when the normal 
temperature was above 27° . 

The heat production was computed by the modified Zuntz and 
Schumburg method, as given by Lusk (SI), using the total respiratory 
quotient, i. e., neglecting the katabolism of protein. 

The details of the determinations of the heat production, together 
with information concerning sex, age, length of fast, body weight, and 
food consumption, are given in Table 5. The body surface areas of the 
rats were calculated from their body weights by means of the Meeh 
formula (S~KW^'^), using the constant 7.47, recently derived by 
Diack (15). The age and sex of the subjects and the length of the 
periods of experimental feeding were approximately the same for the 
two groups. The heat production was determined at the eighth to the 
eleventh week of experimental feeding. 

The average of the respiratory quotients, determined between 16 
and 50 hours after the last feeding, was 0.75 (ranging between 0.72 
and 0.77) for the low-iron diet (No. 23), and also 0.75 (ranging between 
0.72 and 0.80) for the high-iron diet (No. 24). 

The figures for the heat production of the rats in tliis study were 
calculated on two bases: (1) In relation to the two-thirds power 
of 100 g of body weight per 24 hours; and (2) per square meter of 
body surface per 24 hours. On the low-iron diet the average daily 
heat production of the rats was 15.56 calories per 100 g of body weight 
and 967 calories per square meter of body surface. For the high-iron 
diet the average daily heat production of the rats was 15.34 calories 
per 100 g of body weight, and 953 calories per square meter of body 
surface. 

Benedict and MacLeod (9), using the constant 9.1 in the Meeh 
formula, found the average so-called basal metabolism of the albino 
rat, at 28° C. and above, to be about 775 calories per square meter of 
body surface per 24 hours, when no differentiation is made for sex. 
For females alone, the figure representing the basal metabolism at 28° 
and above is about 720 calories, and for males 800 calories. 

Mitchell and Carman (41), using rats ranging in weight from 84 to 
251 g, reported a fasting metabolism of 600 calories per square meter 
of body surface per 24 hours for males, and 571 calories for females 
(at coniplete rest), having used in the computation of the body 
surface the constant 11.36, in the Meeh formula. 

If 7.47 instead of 9.1 is used as the constant in the surface-area 
formula, the values of Benedict and MacLeod are 944, instead of 
775 calories, where sex is not considered, and 877 calories for females, 
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and 975 calories: for males. The figures of Mitchell and Carman^ 
when recomputed in^the same way, are 912 and 868 calories for males 
and females, respectively. 

The average values obtained in this investigation, for the fasting 
heat production per square meter of body surface per 24 lioiirs, are in. 
close agreement vdth values reported by Benedict and MacLeod ( 9 ) 
and ^ are higher than those obtained by Mitchell and Carman ,( 41 )^. 
A slightly higher value should be expected in this investigatioii since 
the data were taken from rats during periods of five or six lioiirs, 
with no control over activity, while the above-mentioned investiga- 
tors obtained values from rats during short periods of complete rest. 

The high-iron and low'-iron diets, however, did not differ in their 
effect on subsequent fasting heat production, and the results as given 
in Table 5 are all in good agreement with those representing normal 
individuals as reported by other investigators. 

Table 5. — Data relating to the determination of the heat production of rats on low- 

and high-iron diets 


DIET 23, LOW IRON 


Rat No. 

^ 1 

. Sex 

■■ ■ ■ 

Age 

i 

Length 
of fast 

Body 

weight 

Respi- 
i ration 
fieriod 

Respir- 
atory 
quo- i 
tient 1 

1 

Oxygen! 

eon- ; 
Slimed 
per dayj 

Heat produced per day 

! 

: Total 

Per 100 
g 1 
body 
weignt«| 

Per 
square 
meter of 
body 
sur- 
face 



Days 

Hours 

Grams 

Minutes 


JAters 

Calories 

Calories 

Calories 

508 

Female 

97 

20 

135 

240 

0,75 : 

3. 87 

\ 18. 34 

15. 01 

933 

509 - 

Male 

86 

20 

134 

973 

.75 1 

4. 40 

: 20. S5 

17. 15 


510 ' 

do — - J 

m i 

29 

125 

994 

. .74 ! 

3. m 

17. 30 

. 14.91 

'927 

511 

Female 

95 

24 

132 

1 300 

. 77 ; 

3. 41 

! 16. 25 

i 13, 50 

839 

512 

Male 

97 

24 

171 

' 300 

.74 j 

4. 77 i 

' 22. 55 

: 15. 76 

979 

513 

Fftmolft - ' 

98 

19 

149 

i 353 

i' .72 ’ 

4,81 ! 

1 22. 62 

17. 34 

1,078 

514 

Male i 

80 

16 

141 1 

300 

,76 

3.91 ! 

18. 58 1 

1.4. 7S 

918 

515.-. 

Female-...-.. 

91 

24 

136 

300 

.77 ' 

4. 13 


IS. 04 

997 

.Average. . . 


91 




.75 



15. 56 





r 





j - .. 




DIET 24, HIGH IRON 


500 

Female 

85 

25 

141 

360 

0.80 

3. 37 

16. 18 

12.86.. 

799 

500- - 

__do 

86 

50 

135 

300 

.78 

3. 61 

17. 24 

14. 11 

877 

501 - - . - - 

Male 

88 

22 

192 

280 

.72 

5.52 

25.96 

16. 80 

1,044 

502 

Female 

96 

25 

188 

285 

■ .73 

5.23 

24. •65 

16. 18 

1,005 

503---. 

-do - 

93 

■ 27, 

151 

300 

.75 

4, 00 

18. 96 

14. 41 

895 

504 

Ma,le 

97 

20 

205 

290 

.78 

5.06 

24. 17 

14. .97 

930 

505 - ' 

do 

97 

! 22 

237 

300 

. 74 

5.95 

28. 13 

^ 15.82 

982 

506 

do 

95 

27 

203 

300 ' 

.74 

■ 5.47 

25. 86 

1,6. 13 

1,002 

507 

Female 

. 85 , 

22 I 

147 

300 

.73 

4,59 

21. 64 

ie.;74 i 

1,040 

Average..-- 


91 




.75 



15.34 

K53 











! 


« Computed to correspond to, uniform weight., from the tot^ heat productio,n i,n relation to the two-thirds 
powers of the body weight. ' 


BLOOD CONSTITUENTS 

The quantity of hemoglobin in the blood was determined, and red 
and white blood cell counts were made on the animals of series 1 and 
3 of the first generation, and also on the rats of the second generation. 

Waddell {It) dispensed with the erythrocyte count on the ground 
that it added little information to that obtained from hemoglobin 
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deteriiiiiiatioiis and involved considerable extra labor. However, 
Beard and Ms associates (7, 43) emphasized the importance of making 
ervtlirocyte counts in addition to hemoglobin estimations, inasmuch 
as eiytluopoietic stimiilants seem to act first on red blood-cell 
formation. 

Although Jencks {25)^ Waddell {ol), Mitchell {42), and McCay {82) 
siiccessfully obtained blood from the tail of a rat, the writers found it 
easier to obtain it from a vein (the saphena parva) of the tliigli. 
More blood is obtainable from this vein in a given time than from the 
tail, and there is less disturbance of the animal. 

The procedure used in drawing the blood sample was as follows: 
The hah is clipped close to the skin of the outside of the thigh just 
above the knee joint. The place to be punctured is scraped carefully 
with a sharp knife and then washed and dried. The scraping and 



Figuee 2.~Method of holding rat and securing blood sample from the vena saphena parva 


washing are done to remove from the skin substances which hasten 
the clotting of the blood. Pressure is exerted with a thumb and 
forefinger, about the hip^ joint, to increase the blood in the vena 
saphena parva. ThH vein is then punctured with a blood lancet, 
just above the knee joint. It is possible to obtain with one puncture 
enough blood for the hemoglobin determination and the erythrocyte 
and leucocyte counts. The method is illustrated in Figure 2. 

The samples for determination of blood constituents were taken 
during the week succeeding the termination of the growth-feeding 
period. Hemoglobin estimations were made by the acid-hematin 
method (iS), color comparisons beir^ made with a calibrated New- 
comer disk (45). A standard counting chamber with the improved 
Neubauer ruling was used for the erythrocyte and leucocyte counts. 
The erythrocytes wmre diluted for counting (1:200) in Hayem^s 
solution (composed of 200 cc of distilled water, 1 g of sodium chloride, 
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5 g of sodium sulphate, 0.5 g mercuric chloride). The leucocytes 
were diluted for counting (1:20) in a solution of 1 per cent glacial 
acetic acid tinged with gentian violet. 

The rats on both diets were normal with respect to blood con- 
stituents as shown in Table 6. 


Table 6, —Blood constitue7its of rats on low-{No, mid high- (No, 24) Aon diets 




Hemoglobin 

I^ythroeytes 

■ Leucoeyt.es 

Diet No. 

Generation 

Rats 

Average per 
100 cc of 
blood 

Rats 

Average per 
cubic milli- 
meter of blood 

Rats 

Average 
I>er cubic 
milli- 
meter of 
blood 

24 

23. 

24 

23..-_...._ 

First, 

do 

Second 

do 

Number 

24 

24 

13 

10 

Grams 
17.44±0.2o 
15. 37i; . 13 
16.89=fc.32 
15.95=fc .28 

Number 

24 

23 

10 

5 

Number 

8,175,000dblll,000 
7, 772, 000±148, 000 
9,787,000±205,000 
7,874,000±156,000 

Num- 

ber 

21 

21 

S' 

4 

Number 

L 500±140 
7,560d=122 
7, 420±216 
7,950±506' 


In the fost generation the average hemoglobin content of the blood 
of the rats on the high-iron diet was 17.44 g per 100 cc of blood, as 
compared to 15.37 g for the rats on the low-iron diet. The difference, 
2.07 ±0.28 g, is statistically significant. In the second generation, 
the hemoglobin content of the Mood of the rats on the two diets was 
not significantly different from that of the rats of the first generation, 
and although it was slightly higher for the rats on the high-iron diet 
as compared to that for the rats on the low-iron diet, the difference 
was not significant. All the hemoglobin values may be considered 
normal. 

The average number of erythrocytes per cubic miUimeter of blood 
for the rats in the first generation on the high-iron diet was 8,175,000 
and for those on the low-iron diet 7,772,000; for the second generation 
9,787,000 for those on the high-iron diet and 7,874,000 for those on 
the low-iron diet. The number of erythrocytes is significantly higher 
for the rats fed the high-iron diet in the second generation as compared 
with first generation rats on the same diet, and with first and second 
generation rats on the low-iron diet. The results with respect to the 
number of leucocytes in the blood show no significant differences in 
any of the treatments. 

Miller and Forbes (39) ^ feeding the same diets used in this investi- 
gation, found that rats fed the high-iron diet (No. 24) stored more 
iron in the body than did those given the low-iron diet (No. 23), but 
this difference in total iron stored was much more pronounced than 
were the differences in hemoglobin and in blood cells as observed in 
the present study. This fact is significant in relation to the observa- 
tionbf McCay (^^, S^). 

A decrease in the rate of recovery during a long anemic period shows that the 
usual criteria of blood regeneration may be false. When the cell count and 
hemoglobin of an anemic animal have returned to normal it is said to be recovered. 
The recovery is probably only apparent in many cases since the reserves may 
remain very low. 
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REPRODUCTION 

After the termination of the 15-week growth experiment, the female 
rats from series 1, 2, and 3, the treatment of which was indicated in 
Table 1, became the subjects of a study of the effects of iron deficiency 
on reproduction. The individuals of each category as to iron content 
of ration, and generation of young produced, were considered as a 
separate group in this breeding experiment, there being four such 
groups. A summary statement of the results of the four groups is 
given in Table 7. 


Table 7. — Summary oj results relating to i eproduction and lactation of lafs on low 
(No. ^S) and high (No. 2Jf) iron diets 


Generation and diet 
No. 

Fe- 

male 

experi- 

mental 

sub- 

jects 

Fe- 

males 

that Total 
did young 
not born ] 
repro- 1 

duce 

Young 
born 
j dead 

Young 
that 
died 
during 
suck- 
ling 1 
period! 

Young 

weaned 

Aver- 

age 

weight 

of 

young 

at 

birth 

Aver- 
age 
young 
per lit- 
ter at 
birth 

Aver- 

age 

weight 

of 

young 

at 

wean- 

ing 

Aver- 
age 
young 
per lit- 
ter at 
wean- 
ing 

First generation: 

Num- 

ber 

Num- Num- 
ber her 

Num- 

ber 

Num- 

ber 

1 

Num- 

ber 

Per 

cent 

Grams 

Num- 

ber 

Grams 

Num- 

ber 

23, 

25 

8 117 

8 

33 

76 

65.0 

4.9 

6.9 

42.1 

5.8 

24 

26 

6 168 

0 

22 

142 

! 84.5 

5.0 

8.4 

40.5 

7.5 

Second generation: 

23 

11 

1 «69 

15 

30 

24 

34.8 

*>4.6 

«6.9 

36.2 

6.0 

24 

18 

2 133 

3 

21 

105 

79.0 

4.7 

8.3 

44.3 

6.6 


“ Includes 6 atrophic, partly developed fetuses. 
Does not include 6 partly developed fetuses. 


The females were mated as soon as possible after the termination of 
the growth experiment, and each was kept in an individual cage in 
which she was fed until her young were born and then weaned, 25 
females being given the low-iron and 26 the high-iron diet. A daily 
supplement of wheat-germ oil was fed with both diets to supply 
vitamin E during the time of the study of reproduction. 

In the study of first-generation reproduction, 117 young w^ere pro- 
duced by 17 females receiving the low-iron diet (No. 23), and 168 
young by 20 females receiving the high-iron diet (No. 24), Six 
females on the high-iron diet and 8 females on the low-iron diet did not 
produce young, 1 female in each group having died while pregnant, 
and the others having failed to become pregnant during at least seven 
weeks to males previously proved to be fertile. The latter females 
were removed from the experimental groups and discarded. 

The young produced on both diets weighed about the same at 
birth; but at the time of weaning the average weight of the young 
whose mothers were fed the low-irondiet was 1.6 g more than that of 
those whose mothers received the high-iron diet, this difference 
probably depending on the smaller number of young per litter from 
the females on the low-iron diet. Not only was the average number 
of young per litter at birth smaller for the low-iron group than for the 
high-iron group but so also was the percentage of young that survived 
during the suckling period. Four females on the low-iron diet failed 
to wean any youn^ from a total of 27 born alive; while only one entire 
litter was lost during the suckling period by the females on the high- 
iron diet. Three of the females given the low-iron diet are known 
to have killed their young and in part to have eaten them. No dead 
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young were produced by tbe females on the high-iron diet^ while 8 
"dead young were born to those on the low-iron diet. 

Second-generation females from 11 mothers in the low-iron group 
and from 18 in the high-iron group were available for a further study 
of reproduction as affected by the two diets. (Table 7.) 

Each second-generation female, from the time it was weaned until 
it had produced young and weaned them, was given the same diet as 
that which had been fed to its mother. 

One female w^as discarded from the low-iron group because of failure 
to breed. Two females on the high-iron diet failed to breed, one of 
them having developed an abnormal growth of the incisor teeth, the 
cause of which was unknown. This condition appeared similar to 
that which develops when an excessive amount of fluorine is present 
in the diet; however, but one animal was affected, the teeth of the 
other members of the group appearing to be normal. 

In the second generation, on both diets, approximately the same 
average number of young were produced per litter as in the first gener- 
ation. The average weight of young at birth was approximately the 
same for both diets. 

On the low-iron diet 34.8 per cent of the total number of young 
were weaned, 15 individuals having been born dead and 30 having 
died during the suckling period. In the first generation on this diet 
65 per cent of all young were weaned. In both generations on the 
high-iron diet the females weaned a higher percentage of the total 
number of young than did the females on the low-iron diet. 

While there was not much difference in the size of the rats weaned 
by females on both diets in the first generation, the average weight of 
those weaned by the females fed the high-iron diet in the second gen- 
eration was considerably greater than that of the young weaned by 
the females of the low-iron group. Only 4 litters were weaned of the 
10 produced by the latter group, and the size of the rats in 2 of these 
was considerably less than normal; on the other hand, 16 litters were 
produced and weaned by females on the high-iron diet in the second 
generation, and the weanling rats were normal in size. 

Thirteen of the 17 females of the first generation which were given 
the low-iron diet (No. 23) weaned all or part of their young born. 
Five of 10 females of the second generation given the low-iron diet 
had a total of 15 young born dead, 1 female giving birth to 6 atrophic 
fetuses and 1 live but undersized individual. In the first generation, 
on the same diet, 4 out of 17 females had a total of 8 young born dead. 
Thirty young from 10 females of the second generation, fed the low- 
iron diet, died during the suclding period, as compared with 33 young 
from 17 females of the first generation fed the same diet. 

In both generations the rats fed the low-iron diet had rough coats 
of fur and also seemed to be low in vitality, as indicated by lack of 
normal muscle tone. The inadequacy of the low-iron diet Was also 
reflected in the appearance and behavior of the rats. In both genera- 
tions some of these rats killed and ate a part of their young, but this 
did not occur in the case of the females on the high-iron diet in either 
generation. 

A typical example of the effect of the iron-deficient diet on repro- 
duction and lactation during the second generation is illustrated in 
Figure 3. The smaller rat was from a second-generation female on 
the low-iron diet and represents the average in size of the 8 rats of this 
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litter at 18 daj^s of age. The larger rat was from a second-generation 
female on the "high-iron diet and is the average in size of the rats of a 
litter of 14 voiing at 20 days of age. 

It is apparent that the high-iron diet supported reproduction and 
lactation much more effectively than did the low-iron diet, and that 
marked nutritive deficiency characterized those rats which received 
the latter diet. 

Since Miller and Forbes (SB) found the total iron content of the 
bodies of rats fed the low-iron diet (No. 23) to be low, it is probable 
that in the present work the females which received this diet were 
like-WT.se deficient in the iron content of their bodies, and that this 
deficiency was responsible for the observed lack of capacity for 
normally successful reproduction. 

The unfavorable effects of iron deficiency on reproduction were more 
prominent in the performance of the second-generation females con- 



Figuke 3.— Representativa second-generation rats, 20 days old, on high-iron diet, left; 18 days 
old, on low-iron diet, right 


fined to a low-iron diet than in that of the first-generation females— 
which is understandable in the light of the following facts: The 
nourishment of the first-generation females on the low-iron diet began 
at the time of weaning; and the nourishment of the second-generation 
females on the low-iron diet began in the uterus of the mother at the 
time of conception. The first-generation females^ therefore^ were 
nourished during the periods of pregnancy and lactation by mothers 
supposedly normal with respect to the iron content of the diet and 
to the quantity of iron in their bodies, while the second-generation 
females were nourished by mothers that had been given an 
deficient diet, beginning at the age of weaning, and were supposedly 
low in the iron content of the body. The deficiency of iron in the 
bodies of the second-generation females not only deprived the off- 
spring of iron during embiyonaJ development but also hindered the 
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normal functioning of the body of the mother during the periods of 
pregnacy and lactation. 

From the performance of the rats while reproducing on the low- 
iron diet it appears that under this condition they will not sacrifice 
the iron of their own body tissues to such extent as to cause severe 
injury for the purpose of nourishing the young in utero. When 
the iron content of the body of a female is low the iron content of her 
embryos will be low, the exact quantities received determining whether 
the young will be absorbed from the uterus, or will be born immature, 
or will be developed to normal maturity. 

HISTOLOGICAL STUDIES 

A microscopic study was made of sections of the bone marrow, liver, 
kidney, spleen, and muscle tissue of the male rats of series 1. Since 
the formation of erythrocytes and hemoglobin involves these tissues, 
an iron deficiency, if sufficiently pronounced, would be expected to 
produce abnormalities in their structure. 

Doyle, Mathews, and Wluting {16) made a microscopic study of 
the tissues of pigs which were severely anemic. The most prominent 
changes were marked fatty degenerative infiltration of the liver, and 
the presence of hematopoietic centers in the liver, spleen, and bone. 

Drabkin and Miller {17) found no evidence of pathological lesions 
in the intestines of rats which had died from milk anernia. 

The samples of tissues for histological study in the present investi- 
gation were obtained from the males of series 1 at the termination of 
the feeding trial. The animals were chloroformed, and the livers, 
kidneys, spleens, and certain bones and muscles were removed imme- 
diately, and placed in Diedrich’s solution (composed of 12 cc of 40 
per cent formalin, 30 cc of 95 per cent alcohol, 2 cc of glacial acetic 
acid, and 60 cc of distilled water). The liver, kidneys, spleens, and 
muscles were gradually dehydrated with alcohol solutions. After the 
drying process was completed, the samples were placed in celloidin 
for a period of six months. The bones, after dehydration, were 
treated with Von Ebner’s fluid (500 cc of 95 per cent ethyl alcohol, 
100 cc of water, 2.5 g sodium chloride, and 5.5 cc of concentrated 
hydrochloric acid). As soon as the bones were decalcified, they were 
placed in celloidin for a period of six months. Sections were cut 12^ 
in thickness and were stained with hematoxylin. 

In an anemic animal morphological changes w^ould naturally be 
sought in the hematopoietic tissues. Commonly these are fatty 
changes, and degeneration in the kidneys and liver, together with some 
necrosis. Hematopoietic centers appear in the liver and spleen, while 
fat tends to disappear from the bone marrow, being replaced by ery- 
throblastic tissue. 

All the tissues in this study appeared to be normal, and very similar 
for both groups of rats. In the spleens the amount of lymphoid tissue 
was about the same, and centers of hematopoiesis could be identified. 
In the bone marrow the fat content was about the same for both 
groups, and the cell types did not vary appreciably— thus indicating 
normal cellular activity. 

These observations indicate that the low-iron diet did not differ in 
any marked respect from the meat diet in its ability to nourish the 
tissues involved in blood formation, and that any iron impoverish- 
ment caused by the lower intake of iron on this diet was not sufficiently 
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severe to cause patlioiogical changes in these tissues in the course of 
15 weeks’ feeding. 

SUMMARY AND CONCLUSIONS 

A comparison was made of the effects of 2 diets— 1 low in iron, and 
1 high in iron- — ^on the growth, the fasting metabolism, the blood com- 
position, and the reproduction of the albino rat; and also on the his- 
tology of the liver, the kidney, the spleen, the skeleton, and the muscle 
of this species. 

The iron-poor diet contained 0.001 per cent iron, the source of which 
was dried skim-milk pow-der. The iron-rich diet contained 0.002 
per cent iron, the source of which was beef muscle and dried skim- 
inilk powder. 

An average daily intake of 0.06 mg of iron from skim-milk powder 
was found to be sufficient for normal growth. No significant differ- 
ence wns found in the average rate of growth of the experimental 
subjects on the trwo diets in either the first or the second generation. 

The average of the respiratory quotients, after 16 to 50 hours with- 
out food, was 0.75 for the rats on both diets. The average daily heat 
produced was 15.56 and 15.34 calories per 100 g of body weight 
and 967 and 953 calories per square meter of body surface 
on the low-iron and high-iron diets, respectively. 

The average number of erythrocytes and of leucocytes per cubic 
millimeter of blood was approximately the same for rats confined 
to these diets during the first and also during the second generation. 

The average number of grams of hemoglobin per 100 cc of blood 
was also normal on both diets for two generations of feeding. The 
rats receiving the high-iron diet during the first generation had an 
average of 2.07 g more of hemoglobin per 100 cc of blood than had 
those receiving the low-iron diet. Tliis difference was found to be 
statistically significant, but the rats on the low-iron diet could not 
be said to be anemic. 

It was shown that the low-iron diet was inadequate for the most 
successful reproduction, and that this effect was more prominent 
during the second than during the first generation. The females of 
the first generation gave birth to 6.9 and 8.4 young per litter, on the 
average, and weaned 65.0 and 84,5 per cent of the young while con- 
fined to the iron-poor and the iron-rich diets, respectively. The 
females of the second generation gave birth to 6.9 and 8.3 young 
per litter, on the average, and weaned 34.8 and 79.0 per cent of the 
young wMle confined to the iron-poor and the iron-iich diets, re- 
spectively. 

Sterility and cannibalism were observed among the second genera- 
tion females which received the low-iron diet. 

No pathological conditions were found as to histology of the 
tissues of the liver, kidney, spleen, bone, and muscle that could be 
considered as effects of the low-iron diet. 

When the protein required for growth was provided by skim-milk 
powder, in a diet wliich satisfied the energy and the vitamin require- 
ments, normal growth resulted, even though the iron content of the 
diet was low; the nutrition of the hood, and of the tissues studied 
and the rate of energy metabolism were normal; but this low-iron 
diet did not satisfy the requirements for normal reproduotion. These 
requirements were provided, however, by a similar diet containing 
additional iron as supplied by beef muscle. 
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LYDELLA NIGRIPES AND L. PINIARIAE, PLY PARASITES 
OP CERTAIN TREE-DEPOLIATING CATERPILLARS ^ 

By Philip B. Dowben 2 

Assistant Entomologist, Division of Forest Insects, Bureau of Entomology, United 
States Department of Agriculture 

INTRODUCTION 

For a number of years the United States Bureau of Entomology has 
been collecting the European parasites of the gipsy moth 
tria dispar L.) and the brown-tad moth {Nygmia phaeorrhoea Don.) 
for liberation in New England. The tachinid fly Lydella nigripes 
Fallen is a minor parasite of both these pests. Its mode of life is 
similar to that of Compsilura concinnata Meig., which became estab- 
lished in the United States in 1907. 0. concinnata has proved highly 
successful in its new environment, and it was believed that L. nigripes 
might do as well if once established. Accordingly, in 1928 and 1929, a 
special attempt was made to secure large numbers of the species from 
Europe. At that time it was noted from the literature that the species 
overvdntered as a first-instar larva in the pupa of the pine geometrid 
{Bupalus piniarius L.). A heavy outbreak of B, piniarius in north- 
western Poland at Chorinskimlyn seemed to present an excellent 
opportunity to rear the parasite, and 100,000 host pupae were col- 
lected in the spring of 1928. Recoveries were disappointingly small. 
Only about 1,800 puparia were secured. These were all sent to the 
laboratory of the Biueau of Entomology at Melrose Highlands, Mass,, 
for colonization. In 1929 the work was continued on a larger scale at 
Zwierzyniec, near Lwow, Poland, and about 57,000 puparia were 
obtained. 

The same year biological investigations of the species were started. 
The flies reared from Bupalus piniarius behaved in a manner very 
different from wliat had been expected. They practically refused to 
attack either gipsy or brown- tail moth larvae, in spite of the fact that 
specialists in Tachinidae considered flies reared from the three hosts 
to be identical. Investigations of that year and subsequent ones have 
shown that flies reared from B. piniarius actually have very different 
habits and life histories from those of flies reared from Porthetria 
dispar ot Nggmia phaeorrhoea. It was possible, though, to show that 
flies reared from P. dispar and N, phaeorrhoea ware identical. Those 


1 Keceived for publication Noy. 5, 1982; issued July 1933. This study was conducted under the direc- 
tion of C. W. Goliins, in charge of the IJ. S. Bureau of Entomology laboratory at Melrose Highlands, 
Mass., at its European substation, Budapest, Hungary, during 1929, 1930, and 1931. 

2 The writer w’-ishes to express his gratitude to Wendell F. Sellers for descriptions of the adult flies, to 
Ferencz Mihalyi for drawings of the adult and for laboratory assistance, to Josef Ujhelyi, R, C. Brown^ 
W. E. Ripper, and Anton Linke for help in making (X)lleeiions in Europe, and to R. T. Webber, T. H. 
Jones, and Mrs. P- B. Dowden for many helpful suggestions in the preparation of the manuscript. 
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reared from P. dis 2 )ar midN, phaeorrhoea nxe the true Lydellanigripes 
Fallen, while those from B, piniarius are Lydella piniariae Hartig. 

Tliis paper presents a study of the bionomics of these two species 
of Lydella and a comparison of their life histories, and shows their close 
relationship. The true P. nigripes has been studied in particular 
because of its importance as a parasite of the gipsy and brown-tail 
moths. This species has also been compared briefly with Compsilura 
concvrmata, 

REVIEW OF LITERATURE 

iilthoiigh a full account of the biology of Lydella nigripes has never 
been published, references to the species are common in the literature. 
These references do not distinguish between P. nigripes {Dexodes 
nigripes) and P. piniariae, but when they give Porthetria dispar, 
Nygmia phaeorrhoea, or Bupalus piniarius as the host species para- 
sitized, there is little question as to the identity of the parasite. 

LYDELLA NIGRIPES 

In 1908 Townsend {17) ^ noted briefly the manner in which Lydella 
nigripes deposited living maggots beneath the skin of host cater- 
pillars and its rapid development in larvae of Euprocfis chrysorrhoea L. 
{—Nygmia phaeorrhoea) and Heterocampa leucostigma S. and /i. 
Pantel {10) in 1910 stated that it belonged to the same group as 
Compsilura concinnata, which he described in some detail. Howard 
and Fiske in 1911 (7) and Bm*gess and Crossman in 1929 (S) briefly 
noted the life history of the species. They also gave summaries of the 
number of P. nigripes puparia recovered from rearings of European 
Nygmia phaeorrhoea and Porthetria dispar, and the number of flies 
liberated in the United States, -with a discussion of the possiblity of 
the species becoming established in North America. 

LYDELLA PINIARIAE 

In 1914 Plotnikov {11), in a paper on the biology of Bupalus pinia- 
rius and its parasites, considered Lydella nigripes {^piniariae) one of 
the most important parasites of that species. He described its life 
history in this host briefly, figuring and describing the first larval 
instar in detail. In 1921 Baer (I) called attention to the polypha- 
gous habits of the species, and emphasized its unportance as a para- 
site of B. piniarius, Seitner {12) mentioned it in 1921, and Sitowski 
{IS) in 1922, Eidmann (5) in 1926, Czerwinski and Kuntze (4) in 1930, 
and Steiner {IJ) in 1931 briefly sketched its life history and gave 
valuable information regarding its effectiveness as a parasite of B, 
piniarius. In 1931 Escherich {&, v. S, p. f6S-569) reviewed these 
references in a comprehensive study of B, piniarius. 

DISTRIBUTION AND HOST RELATIONSHIPS 

Lydella nigripes is common throughout Europe. Rearings of gipsy 
and brown-tail moth material in connection with the work of the 
United States Bureau of Entomology show recoveries from Spain, 
France, Italy, Belgium, Holland, Germany, Czechoslovakia, Switzer- 
land, Austria, Hungary, Yugoslavia, Poland, and Russia. Probably 
its range is even greater. 


* Reference Ss made by niiiiiber (italic) to Lit^ater© Cited, p. 994. 
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Lydella piniariae is also common throughout Europe^ if we may 
judge from the fact that L. nigripes is recorded as a parasite of 
Bupalus piniarius in France, Germany, Austria, Czechoslovakia, 
Denmark, Poland, and Kussia. 

A remarkably large number of hosts for Lydella nigripes are men- 
tioned in European literature. Since no distinction is made between 
L. nigripes and L. pvniwriae, the references may, of course, refer to 
either one. The writer^s experiments showed, however, that i. 
nigripes \yas exceptionally polyphagous, whereas L, piniariae^ 
although given almost as many host larvae to attack, was able to 
complete development only in Bupalus piniarius , Ahrostola tripartita 
Hufn., and Tortrix dumetana Freyer. It has therefore seemed advis- 
able to make two host lists. The first gives records from the literature. 
The second gives records which were made in connection with this 
study from larvae parasitized in the laboratory and from collected 
larvae that had been parasitized under natural conditions in the field. 


Hosts op Lydella Nigripes as Recorded in the Literature 


Lepidoptera: 

Acranicta rumicis L. {1). 

Agrotis candelarum Stdgr. [2). 
Aporia crataegi L. (8), 
Acosmetia caliginosa Hbn. (2). 
Bupalus piniarius L. (2). 
Brephos parthenias L. {9), 
Calymnia trapezina L. (9) . 
Cucullia artemisiae Hiifn. (9). 
Cucullia asieris Schiff. (2) 
Cucullia scrophulariae Cap. (^). 
Deilephila euphorhiae L. {2). 
Dendrolimus pini L, (1). 
Dryohota protea Bkh. (9). 
Euproctis chrysorrhoea L. (1). 
Eurrhypara uriicata L, (f). 
Heliothis scutosa Schiff. (2), 
Hematurga atomaria L. (S). 
Hybernia sp, (2). 

Larentia hadiata Hbn. (i). 
Leucania pallens L, (t) * 


Lepidoptera — Continued 
Lyniantria dispar L. (1). 
Mamestra pisi L. (2). 

Miana liter osa Haworth {2 ) . 
Ortholitha cervinata Schiff. (2). 
Phragmatohia fuliginosa L. {2), 
Plusia gamma L. (2), 

Polia oleracea L. {19), 

Porthesia similis Fiiess. (2). 
Tapinostola elymi Treit. (^) . 
Tephroclystia innoiata Hufn. {9), 
Tephroclystia virgaureata Bbl. (2)* 
Thaumetopea pinivora Treit. (2), 
Vanessa io L. (2), 

Vanessa polychloros L. (f). 
Vanessa urticae L. (2). 
Yponomeuta padellus L. (1), 
Hymenoptera: 

Lophyrus sp. (2). 

Ne-matus ribesii Scopoli (2), 


Hosts op Lydella Nigripes Determined prom Rearings in Europe 


LARVAE parasitized UNDER NATURAL CONDITIONS IN THE FIELD 


Lepidoptera: 

Ahrostola tripartita Hufn. 
Arctia caia L. 
Malacosoma neustria L. 
Nygmia phaeorrhoea Don. 
Porthesia similis Puess. 


Lepidoptera — Continued 
Porthetria dispar L. 

Polia trifolii Rott. 
Thaumetopoea processioma Ij, 
Vanessa urticae L. 


LARVAE PARASITIZED IN THE LABOBATORY 


Lepidoptera: 

Ahrostola triplasia L. 
Acronicta megacephala Fab. 
Acromcta rtimicis h. 
Acronicta tridens Schiff. 
Agrotis c-nigrum Jj. 
Calophasia casta Bkh. 
Cucullia asieris Schiff. 
Eriogaster lamstris L. 
Heliothis dipsacm h* 


Lepidoptera^ — Continued 

Oxycesta geogfaphica Yd^o. 
Pkalera bucephala L. 

Polia hrassicae L. 

Polia oleracea L. 

Synopsia sodaria Hhn, 

Vanessa io L. 

Hymenoptera: 

Trickiommpus mminalis (Fall.). 
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Lydelki nigripes also completed development on two lepidopteroiis 
larvae attacked at the gipsy moth laboratory at Melrose Highlands^ 
]\Iass., namely, Alypia octomaculata Fab. and Heteroca/mpa lemostigma 
S. and A. . . ■ , 

Under natural conditions in the field Lydella piniariae parasitized 
larvae of Bupalm piniarius L. (Lepidoptera) and in the laboratory it 
parasitized larvae of Tortrix. dumeiana Freyer and Abrostola tripartita 
^ Hufn. (both Lepidoptera). 

AYith the two exceptions noted all attempts to rear Lydella pin- 
iariae at the laboratory were unsuccessful. Judging from the long 
list of successful laboratory rearings of L. nigripes^ one feels that the 
great majorit}^ of hosts given in the literature actually belong to this 
species. 

ECONOMIC IMPORTANCE 

LYDELLA NIGRIPES 

The early work on Lydella nigripes done at the Melrose Highlands 
laboratory indicated that this insect was important as a parasite of 
the brown-tail moth in Europe. It was reared in small numbers from 
shipments of larvae in 1906, 1907, and 1911, and in fairly satisfactory 
numbers in 1909. A total of 5,212 wms secm*ed during this period. 
At that time it was rarely reared as a parasite of the gipsy moth. 

Since the foreign work was resumed in 1922 no large collections of 
Nygmia phaeorrhoea have been made, but Lydella nigripes has at 
times been of some importance as a parasite of Porthetria dispar. 
Table 1 gives the number of puparia recovered. 


Table 1. — Recovery of Lydella nigripes and total tachinid puparia from collections 
of Porthetria dispar in Europe, 1926 to 1981, inclusive 


1926. 

1927- 

,1928. 

1929. 

1930. 

193,1. 


Year 


Place of collection 


/Galgamacsa, Hungary 

iBaja, Hungary 

I Doboz, Hungary 

Olaszliszka, Hungary 

Simontornya, Hungary 

Rembertow, Poland 

Moscenica, Yugoslavia 

fVecs, Hungary 

\Noyoselec Kriz, Yugoslavia 

fVees, Hungary.. 

IPlaticevo, Yugoslavia 

I Jfink, Hungary 

Oszro, Hungary 

Csepel, Hungary 

Platicevo, Yugoslavia. 

(Galgamacsa, Hungary 

jOszro, Hungary 

lOberpullenaorf, Austria. . _ . 


P. dispar 
larvae col- 
lected 

X. nigripes 
puparia re- 
covered 

Total tach- 
inid pupa- 
ria recov- 
ered 

225, 000 

2,784 

58, 398 

300, 000 

870 

80, 451 

250, 000 

1,023 

11,965 

400,000 

1, 847 

40, 971 

188, 000 

1, 734 

35, 537 

200,000 

183 

51, 566 

150, 000 

293 

11, 388 

230,000 

77 I 

42,734 

178, 000 

25 

44, 756 

189, 000 

0 

14, 224 

239, OOO 

0 ' 

14, 415 

320, 000 

10 

■ 37,289 

238, 000 

■ S' 

95, 819 

1 4,000 

0 

641 

250, 000 

0 

28, 374 

1 331,000 

10 

11,514 

406, 000 

540 

93, 199 

i 230, OOO 

31 

73,108 



junei, 1933 Fly Parasites of Tree-Defoliaiing Cat£r])iIIars 967 


In 1927, 1930, and 1931 a few Nygmia phaeorrhoea larvae were col- 
lected. A record of the Lydella nigripes reared is given in Table 2. 


Table 2. — Lydella nigripes puparia reared fro^n collections of Nygmia phaeorrhoea 
in Europe, 1927, 19S0, and 19S1 


Year 

Place of collection 

X. phaeor- 
rhoea larvae 
collected 

L. nigripes 
puparia 
reared 

1927 

Budapest, Hungary.. 

250 

44 


[ do..;--.--..' 

1, 565 

10 


Tank, Hungary 

126 

55 

1930 

■jOszro, Hungary . . .. 

S3 ^ 

0 


Platicevo, Y ugosla via ... 

m 

0 


ILinz, Austria . .... 

1,200 

IS 

1 1 

f Budapest, Hungary 

1, 500 

16 

lytSl 

\Oberpullendorf, Austria 

1, 000 

48 


LYDELLA PINIARIAE 

Lydella pimariae is much more important in controlling Bupalm 
pmiari/us than is L. nigripes in controlling the gipsy moth and the 
brown-tail moth. It is generally present in comparatively small 
numbers in the first year of a Bupalus infestation, but after that it 
increases rapidly. Plotnikov (If) notes it as parasitizing 12 per cent 
of the larvae and Sitowski {IS) records it as parasitizing 25 per cent. 

The writer’s roarings are recorded in Table 3. 


Table 3. — Recovery of Lydella piniariae puparia from collections of Bupalus 
piniarius in Europe, 1928, 1929, and 1920 


Year 

Place of collection 

Overwin- 
tering B. 
piniarius 
pupae col- 
lected 

, ! 

L. pimariae 
puparia 
recovered 

Parasitiza- 
tion 
by X. 
pimariae 

1928 . 

Chorinskimlyn, Poland .. 

Xumber 
120,000 
735, 000 
3, 000 

Number 

1 , 836 
57, 8:i8 
600 

Per cent 
1.5 
7.8 
20.0 

1929 ' 

Zwierzyniec, Poland 

1930 

Gora, Poland 

i 



DESCRIPTION 

The adult flies of Lydella nigripes and L,-piniarim have been sepa- 
rated by W. F. Sellers, of the gipsy moth laboratory. Papers by 
Thompson {15) and by Thompson and Thompson (l6) have been 
very helpful in preparing the descriptions of the immature forms, 

ADULT 

A description of Lydella nigripes {hg, 1) by Lundbeck (5, pt 7, 
p. 299) in its main essentials is an excellent description of the two 
forms treated in this paper, but it does not serve to differentiate them. 
According to Sellers, however, the two species can be readily dis- 
tinguished by the relationship of the front at its narrowest point to 
the head at its widest part. The ratio was secured by dividing the 
smaller measurement by the larger, i, nigripes has an average range 
of from 0.224 to 0.245 mm in the males, and from 0.293 to 0,308 mm 
in the females, while has an average range of from 0.274 
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to 0.2S6‘ mm in the males, and from 0.324 to 0.333 mm in the females. 
Since the two forms are readily separated and do not show a natural 
tendency to interbreed, it is believed that they have become suffi- 
ciently kabilized to be considered as having a more specific than 
racial relationship. 



Figure 1 . — LydelLa nigripes: A, Adult female; B, puparium 


Sellers found that both forms were included in the type series of 
both species. He concludes that the bulk of the synonymy probably 
represents the form reared from Porthetriu dispar and numerous other 
hosts — e., the one with the smallest ratio~and that this is the true 
Lydella nigripes Fallfe, while the forni reared irom Biipc^s pinaarms 
is L. piniariae Hartig, In Meigen^s collection at Vienna, Austria, 
there are two cot jpes oi nigripes ¥b11gjx. Sellers has dtesignated the 
male as the tme nigripes; the female is Lydedu f Mume Hartig. 
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IMMATURE STAGES 
Lydella NIGRIPES 
THE EGG 


When the egg enters the uterus it measures about 0.66 mm long and 0.21 mm 
wide. It has the form of an ellipse, but is rounded off at each end. The chorion 
is very thin and transparent over the entire surface except in the terminal micro- 



Eigure 2.'—Ltfdella nigripes, first larval instar: A, larva, lateral aspect; B, biiccopharyiigeal armature 
of freshly larviposited specimen; C, buccopharyngeal armature of 4-day-old specimen; 1), posterior 
spiracle chambers; E, posterior spiracles, sp^ showing cuticular armature of eleventh segment, and 
stigmatic hooks, sA 

pyle region, where it is somewhat thicker and roughened. With the development 
of the embryo to a fully formed larva, the chorion stretches considerably. 

EIEST-INSTAE LARVA 

The firs t-instar larva of Lydella nigripes {fig. 2, A) is cylindrical, tapering 
slightly at both extremities. Freshly deposited specimens are from 0.90 to 1.20 
mm long and from 0.30 to 0.35 mm wide. Full-grown first-instar larvae average 
2 mm in length and 0.75 mm in width. The body is composed of the pseudo- 
cephalon, bearing the antennal and sensorial organs, and 11 body segments. The 
cuticle is colorless and transparent, so that the tracheae and portions of the diges- 
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five system are plainly visible. The pseudocephaloii is imaririedj but on every 
other segment the cuticle bears rows of minute spines. The first three anterior 
(thoracic) segments are completely encircled anteriorly. The fourth (first 
abdomiiial) segment has a complete anterior band of spines, which are quite 
scattered in the pleural region. Ventrally this band is divided into two groups 
which are separated longitudinally by a narrow but well-defined bare space. 
This segment also bears a small group of spines ventrally on its posterior border. 
On segment 5 the encircling anterior band is absent. There are a few very small 
dorsal spines, but none in the pleural region. Ventrally there are two narrowly 
separated groups on the anterior border and a small group on the posterior border 
as on segment 4. The arrangement of spines on segments 6 to 9 is practically 
identical with that on segment 5 except that the few dorsal spines are lacking. 
Segment 10 bears no anterior spines, but it has a completely encircling band on 
its posterior border. The eleventh segment has no bands of spines comparable 
to those of the other segments, but it supports the three curious and interesting 
stigiiiatic hooks (fig. 2, E) which are characteristic of this type of larva. Two 
of them lie just anterior to the anal spiracles, and are simple strongly curved 
hooks about 0.015 mm long. They are directed forward. The third, wdiich 
measures 0.02 mm, occupies a position midway betw-een the first two but posterior 
to the anal spiracles. At its anterior extremity it is divided into two hooks that 
point backward. These hooks are used in this species, as Pantel (10) described 
them in Co7npsilw'a concinnata, to attach the larva to the intestine of the host. 
Besides these hooks there are a few spines on the pleural portion of the eleventh 
segment and also surrounding the spiracular openings. 

The arrangement of the cuticular spines in rows is indicated in Figure 2, A. 
Those on the anterior borders of the segments point backward, while those on 
the posterior borders point forward. The rows of spines have no absolutely 
definite arrangement, but for the most part each spine in one row occurs opposite 
the space between two spines in the row preceding it. 

The fact that each segment from the fourth to the eighth, inclusive, has a row 
of ventral spines on the posterior border followed closely by two rows of spines 
on the anterior border of the following segment gives the larva the superficial 
appearance of having segments bearing three closely situated rows of spines 
ventrally. This appearance is so deceptive that Plotnikov (11) described the 
larva in this manner, but he did not study the later larval instars, which show 
the true relation more clearly. The reason the location of the actual segmental 
division is so hard to define is that the spines occur on the pseudopodia or false 
feet, which are formed by flesh grooving internally between the segments on the 
venter, thus pushing the cuticle out. 

The buccopharyngeal armature of the freshly emerged larva is shown in 
Figure 2, B. It is about 0.18 mm long. The median tooth is a single piece 
which is divided at the basal region into two pairs of basal wings. There are 
two pairs of lateral plates at the apex of the armature and a single salivary gland 
plate at the base of the median tooth. As the larva grows the form of the arma- 
ture is considerably changed owing to the progressive sclerotization ^ which 
takes place in the pharyngeal cuticle surrounding the basal plates. (Fig. 2, C.) 

The larva is metapneustic. The two posterior spiracles open on the dorso- 
pleural portion of the last abdominal segment. The spiracular chambers (fig. 
2, D) are about six times as long as wide and measure 0.06 mm in length. From 
these chambers a well-developed tracheal system arises in two main tracheal 
trunks, which lie dorsally in the body cavity. 

The only sensory organs observed in the larva are located on the pseudo- 
cephalon. There are four pairs, one element of each lying on opposite sides of the 
mouth opening. The most conspicuous are the antennal organs, which are 
circular, slightly protuberant, and measure 0.0075 mm in diameter. Just below 
them are the maxillary organs, composed of a group of about 10 minute circular 
points very slightly raised from the surface of the cuticle. Just below the anten- 
nae are two minute organs and just below each maxillary group another minute 
organ is found. The last two groups are so small that they are impossible to 
find in most specimens. A very delicate fold surrounds the antennal and maxil- 
lary organs, thus raising the group slightly from the rest of the cuticle. 


^ “ Selerotization” as used in tbis paper refers to the darlcening and hardening of the area, 
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SEGOND-INSTAR LARVA 

As the first-iristar larva approaches maximum growth the organs of the second 
instar can be plainly seen forming under the skin. The old skin finally splits just 
above the anal spiracles and larval movement forces it over the head. The secoiid- 
instar larva (fig. 3, A) is considerably larger than the first-instar larva, measuring 
cboiit 3 mm long and 1 mm wide when first formed and about 5.33 mm long and 
1.. 5 mm wide when full grown. It has the same form as the first-instar larva 
and the cuticle is still colorless and transparent. The ciiticular armature is 
heavier and more conspicuous. The rows are now formed of lineal groups of 
from 4 to 12 spines. These groups are quite distinctly separated from one another 



E 


Figure Z.—Lyddla nwripes, second larval instar: A, larva, lateral aspect; B, buccopharyngeal 
armature showing labial sclerite, lbs; C, posterior spiracle cbambers; D, anterior spiracle cham- 
ber; E, posterior spiracles, showing surrounding cuticular armature 

and curved so that the rows become indistixictj but the arrangement is much the 
same as in the first instar. The pseudocephalon bears no spines. The first three 
segments have anterior bands of spines only. The fourth segment bears a com- 
pletely encircling band of spines on its anterior border, but in the pleural region 
the spines are rather scattered. This segment bears spines on its i^osterior border 
also. On the fifth segment the anterior band is distinctly broken by a bare area 
on each side of the small pleural group. In the ventral region this band is made 
up of two groups of spines separated by a narrow longitudinal bare strip. Each 
of these areas has about four rows of spines, but the anterior one is nearly uniform 
In width while the posterior one is considerably longer and much narrower, or is 
even broken at the center. On the posterior 'border of this segment there is a 
small group of spines in the ventral region and also in the j^leural region. Seg- 
ments 6 to 9 are much the same as segment 5. On segment 6 the dorsal spines on 
the anterior border have practically disappeared, and the anterior pleural spines 
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are reduced. On .segments 7, 8, and 9 the spines on the anterior borders are pres- 
ent orilj" ventraih", where they diminish slightly in numbers proceeding posterior- 
ly. The spines on the posterior borders, however, increase in numbers slightly 
on the seventh and eighth segments, and on the ninth segment the posterior 
pleural group i.s quite prominent and a few posterior dorsal spines are present. 
The tenth segment bears a complete band on its posterior border. In this band 
there is an almost bare area both dorsopleurally and ventropleurahyu The elev- 
enth segment bears no spines comparable to those of the other segments. The 
stigmatic hooks are situated as before, but in this instar each is an aggregate of 
hooks rather than a single piece. The anterior pair have two or three forward- 
pointing hooks, whicli are fused at their bases into a small, irregularly shaped 
area. The posterior element is made up of five or six hooks whicli point back- 
ward. The fusion of their bases forms a V-shaped sclerite. (Fig. 3, E.) On 
the sides of this segment there are a few rows of spines and scattered over the 
whole segment there are small spines. 

The arrangement of the cuticular armature is shown in Figure 3. The direction 
of the spines is the same as in the first instar. The pseudopodia are more pro- 
nouncecl. 

The buccopharyngeal armature (fig. 3, B) has undergone considerable change. 
Instead of a single median tooth, there is a pair of deeply curved anterior hooks 
which are separated from the basal region by a narrow incision. Lateral plates 
at the apex of the anterior hooks are no longer present. Just below the posterior 
margins of the hooks two small sclerites can be distinguished. These support 
the labium. When the structure is viewed in its ventral aspect, the labium can 
be distinguished between the bases of the anterior hooks, posterior to the labium 
the hypopharyngeal plate, and below that the epipharyngeal plate. Both of 
these plates are essentially the same in the third instar, and are described in more 
detail in the next section. There is no progressive sclerotization in the basal 
region of the second-instar buccopharyngeal armature. Immediately after the 
first-instar larval skin is shed only the anterior portions of the hooks are sclero- 
tized, but sclerotization of the rest of the armature takes place very rapidly. 
Usually the edge of the dorsal wing is not fully pigmented. 

The' second-instar larva is amphipneustic. The anterior spiracles (fig. 3, D) 
open oil the posterior border of segment 1 in the pleural region. Each has three 
respiratory papillae and a lightly colored forechamber leading to the tracheal 
tubes. The posterior spiracles (fig. 3, C) open on the dorsopleural portion of the 
eleventh seginent. The spiracular chambers are about twice as long as wide. 
The tracheal system is much heavier than in the first instar. 

The sensory organs on the pseud ocephalon have about the same appearance 
as in the first instar, but they are larger and more conspicuous. In this instar 
there are also two pairs of sensory organs on the eleventh body segment. They 
are tiny fingerlike projections; each element of one pair is situated on each side 
of the posterior spiracular hook, and each element of the other pair is placed just 
inside one of the anterior spiracular hooks. 

THIRD-INSTAB LARVA 

The third-instar larva (fig. 4, A) has the same form as in the preceding instar. 
Its size varies greatly. When &st formed it is about 6 min long and 2 mm wide , 
when full grown from 7 to 9 mm long and from 2 to 2.50 mm wide. The cuticle 
is colorless and transparent and armed, as before, with tiny spines, but there is 
considerable variation in their pigmentation so that in some specimens they are 
more difficult to see than in others. The spines are again arranged in curved 
lineal groups, which are even more distinctly separated than in the second instar. 

The pseudocephalon is unarmed. Segments 1 to 3 have anterior bands of spines 
only. On seginent 4 the anterior band is interrupted in the pleural region, while 
veiitrally it Is widened into two groups slightly separated from each other by a 
narrow longitudinal bare area. On the posterior border of this segment there is a 
small ventral and a small pleural group of spines. On segment 5 the anterior 
band of spines is more distinctly broken in the pleural region, while ventrally the 
two groups are distinetiy separated. The anterior of these groups is rather short 
but of an even width throughout. The posterior group is longer but very narrow 
or broken at the center. The posterior border of this segment is armed similarly 
to segment s, but the pleural group is longer. Segments 6 to 9 are armed similarly 
to segment 5, but proceeding posteriorly the spines on the anterior borders of the 
segments become less numerous and those on the posterior borders more plentiful. 
On segment 9 the posterior border is completely encircled. On segment 10 the 
band on the posterior border is complete and heavy throughout, although there is 
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FTfiittii: 4 - Lvdella fiigriMs, third larval inatar: A, I^arva, lateral aspect; B, buoeopharyiige^ 

armature showing labial sclerite, lbs; C, hypopharyngeal plate, b^$Pt labial sclerite, Ite, and 
laSum, D? epipharyngeal plate; E, anterior spiracle chamber; F, posterior spiracles, show- 
ing surrounding cuticular armature 
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a narrow bare area in the dorsopleural region. Segment 1 1 bears the heavy poste- 
rior spiracles on its upper caudal aspect (fig. 4, F), which are surrounded by rather 
stout spines. The stiginatic hooks are lacking, but in the positions that they 
occupy in the earlier instars appear little clusters of three or four spines with their 
bases fused together to form a pigmented plate. Often there are two such groups 
posteriorly. Aside from the spines around the spiracles there is a conspicuous 
group of spines that are directed away from the spiracles - 

The direction of the spines is again the same in this instar, and the pseudopodia 
are even more pronounced than in earlier instars. 

The form of the buccopharyngeal armature (fig. 4, B) does not differ greatlj^ 
€roin that observed in the preceding instar, but an articulation exists between the 
base of the intermediate region and the basal plates. The sclerites which support 
the labium are again apparent, just beloiv the posterior margin of the anterior 
hooks. Figure 4, C, shows the inner surface of the labium with its supporting 
sclerites on each side, and just posterior to it is the hypopharyngeal plate.^ This 
plate varies considerably in different specimens. Sometimes the two openings on 
each side are fused together, and sometimes the two sides are separated by a 
suture at the middle, although the general form is that given in the figure. The 
epipharyngeal plate (fig. 4, D) is found just dorsad of the hypopharyngeal plate 
near the center of the space formed by the two sides of the intermediate wings of 
the buccopharyngeal armature. It is even more variable in structure than the 
hypopharyngeal plate. Sometimes it has a very sharp angle at the apex and often 
some of the openings are not visible. The figure is taken from a fairly representa- 
tive specimen. Progressive sclerotization of the armature takes place as in the 
second instar. 

In the third instar the larva is again amphipneustic. The anterior spiracles 
(fig. 4, E) have three or four papillae. The lightly sclerotized tube leading to the 
tracheae is narrowed behind the respiratory papillae, and then gradually widens 
out into a cup-shaped base. Each of the posterior spiracles (fig. 4, F) possesses 
three respiratory slits surrounded by a heavily pigmented horny area. The 
spiracular chambers are short and somWhat longer on the lower than on the upper 
side. The tracheal system is conspicuous. 

The sensory organs on the pseudocephalon are the same as in the second instar 
except that they are larger and more pronounced. Those on the eleventh segment 
also are the same as in the second instar except that they are larger. 

THE PUPAEIUM 

The puparia (fig. 1, B) vary greatly in size, but they average about 7 mm long 
and 2.0 mm wide. When first formed they are yellowish in color, but in most 
cases they quickly change to a dark reddish brown. The surface is smooth, 
although the former segmental lines are faintly visible, and the minute cuticular 
armature of the third-instar larva can be distinguished under the microscope. 
The anterior extremity is rounded, the posterior extremity subconical. At the 
apex there is a small but pronounced rugose elevation which has a longitudinal 
depression. Just dorsad and on each side of this depression are the rather incon- 
spicuous posterior spiracles. They lie flat against the surface and very close to 
each other, being separated by no more than one-half their diameter. The 
anterior spiracles are slightly raised and barely visible to the naked eye. The 
anus can be seen on the venter at the juncture of the tenth and eleventh segments. 

The respiratory apparatus of the pupa has the form shown in Figure 5, G. 
The prothoracic cornicles are horny structures which protrude from the surface 
of the puparium just in front of the posterior margin of segment 4. At their 
distal extremities there are about 12 small openings. The internal spiracle is 
nearly circular. Its surface is covered with a large number of tiny papillae, which 
are arranged in double rows radiating out from the central portion. 

LyDELLA PINIARIAB 

The description of the immature instars of Lydella nigripes applies 
equally w^ell to same forms of Lrpimarias TOth the exception of 
two minor differences observed in the buccopharyngeal armature of 
the first-instar larva. A comparison of tins structure in the two 
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species shows that the apex of the anterior hook in L. nigripes (fig. 
2, B) is distinctly niore sharply angled than is the case in L, pmmriae 
(fig. 5, B). Occasionally specimens of L. nigripes show a somewhat 
weaker angle, wdiich 

makes it difficult to /M 

separate them from /. j 

blit most 

specimensaredistinct. \ . (p\ ( 

Another interesting M / ^ 

differencebetweenthe ^ 

two species is that L. )/ 

nigripes almost inva- j 

riably shows a pro- I 

gressive sclerotiza- I 

tion of the basal lobes F 

of the buccophar}^- y i 

geal armature after it ^ y/ ^ J 

is . 3 or 4 days old, 

whereas this never 

takes place in i.pmia- 

rim. Occasionally a y 

larva of L. nigripes ' 

is stunted in growth 

and the progressive A 

sclerotization does ^ 




not occur, and at 
times there is a slight 
further sclerotization 
in L. piniariae . 
Nevertheless, in a 
large number of speci- 
mens examined it has 
been found that this 
striking diff e r e n c e 
holds good no matter 
what host is attacked. 
In fact, this progres- 
sive scleroti z a t i o n 
was the rule in a large 
number of L. nigripes 
larvae dissected from 
Bupalus piniarius 
that had been at- 
tacked at the labora- 
tory, while in every 
instance where L. 
pmmnac larvae were 
taken from Porihetria 



Figure 5.— A, Reproduetive organs of male Lydella. nigripes; /, testis; 
apf accessory gland; cd, ejaculatory duct; es, ejaculatory sac; p, penis; 
B, buccopharyngeal armature of first-instar L. piniariae; C, pupal respir- 
atory apparatus of L. nigripes: pc, prothoracie cornicle; isp, internal 
spiracle 


dispar y Nygmia phaeorrhoeay or mj other host the maximum pro- 
gressiTO sclerotization was negligible. 

In no other respect could a difference in the immature instars of 
these two species be determined. 
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BIONOMICS 

SEASONAL HISTORY 

Lydblla nigripes 

The seasonal liistory of Lydella nigripes is clearly indicated by 
field collections and laboratory rearing. It spends the winter as a 
larva within the mid-gut of the host pupa or host larva. It com- 
‘pletes developmentj issuing from the host and forming its pupariiim 
the latter half of April or early in May. Porthetria disjyar and 
Nyg'ma phaeorrhoea must be among the first hosts attacked by the 
first-generation flies, for puparia are recovered from these species 
the last week in May and early in June. The first second-generation 
flies issue from these puparia by June 15 and are ready to attack 
some other host by the end of June. The writer has not recovered 
puparia of the next generation from field-collected material, but 
laboratory records indicate that a third generation of flies would 
appear in the field about the 1st of August. These flies may deposit 
maggots which liibernate or wdiich complete development. The 
first host larva attacked in the laboratory, and in which the parasite 
hibernated, was Abrostola tripartita, larviposition occurring on Sep- 
tember 3. Probably most of the maggots deposited by the third- 
generation flies complete development and produce a fourth genera- 
tion in the first half of September. The writer has made one field 
recovery of a puparium formed on August 25 from wdiich a fly issued 
on September 8. The maggots deposited by the fourth-generation 
flies live through the wdnter in the Mbernating host, or, if they com- 
plete development and issue, produce flies so late in the season that 
they perish without finding host larvae to attack. The waiter has 
made only one field recovery of overwintering L. nigripes. This 
specimen w^as reared from a pupa of A. tripartita the larva of which 
was collected on October 3. A fairly large percentage of maggots 
that were deposited in the laboratory at about this time passed the 
winter within their hosts. Dissections of Mbernating stock showed 
that most of the parasites Mbernated as second-instar larvae, but a 
few^ specimens remained in the first instar. All the hosts Mbernated 
as pupae with the exception of TricMocampus viminalis, which spun 
a cocoon and passed the winter as a larva. 

Lydella piniariae 

The location of the laboratory made it difficult to conduct field 
observations on hgddla piniariae. The winter is spent as a first- 
instar larva in the mid-gut of the Bupalus piniarius pupa. Develop- 
ment is completed in the spring, and in the material reared by the 
wuiter puparium formation was at its maximum about May 27. 
The first adults from these puparia appeared about June 10, and 
some females wwe ready to larviposit by June 20. Under field con- 
ditions, however, the females are not ready to- larviposit so early as 
tHs. Steiner (IJ) found that maximum issuance of Bupalus adults 
occurred on June 7, whereas maximum issuance of Lydella females 
did not occur until July 2. Eidmarm (J) also notes that i. 
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(= jnniariae) issued several weeks after B. pimarius uiotlis were 
in fliglit. Lydella females issuing July 2 would be ready to lar^d-' 
posit about July 12j and at tliis time there are probably young S. 
piniari/us in the forest which are large enough to be attacked." At 
least the waiter collected larvae in Austria on July 20 that were 
easily parasitized in the laboratory, and^ on the 26th of July 50 
field-collected B, pmiarius larvae w^ere dissected and 2 first-instar 
L. piniariae were found. In B. pmiarius larvae attacked at the 
laboratory the maggots did not develop beyond the first instar iintil^ 
the following spring. The species therefore completed but one 
generation in this single-brooded host. It is believed that tliis is 
also the case in nature, for Plotnikov {11) found first-instar larvae 
in August and September,^ and although the present wniter has 
dissected a large number of the parasites from S, pimarius larvae 
collected as late as September 17, he has never found any which 
were developed beyond the first instar. 

Possibly Lydella piniariae occasionally develops a summer genera- 
tion ill some other species of host. There would be ample time for a 
generation to develop and still allow the new" flies to attack Bupalus 
piniarius larvae in the fall. A large number of host species have 
been attacked at the laboratory and in two instances a summer 
generation has been reared. In one of these a larva of Toririx dume- 
tana attacked on August 6 produced a pupariuni on August 27, and 
in the other a larva of Ahrostola tripartita attacked on July 16 pro- 
duced a piiparium on August 19. Eidmann {5) also notes rearing a 
summer generation of Lydella from Hematnrga atoniaria L., but, not 
having seen Eidmann’s specimens, the waiter questions whether the 
flies were L. nigripes or L, piniariae, How^ever, the large number of 
host species attacked at the laboratory in wLich the parasite larvae 
did not develop beyond the first instar indicate clearly that develop- 
ment of a summer generation is an exception to the rule. 

Everything considered, it is probable that Lydella piniariae usually 
has but one generation a year on Bupalus piniarius, and only occasion- 
ally passes through a summer generation on some other host. 

LENGTH OF LIFE 
Lydella nigripes 

The flies are sturdy and long-lived under laboratory conditions, 
where from 5 to 10 are kept in glass-covered wmoden boxes 15 by 20 
by 10 cm (5.9 by 7.9 by 3.9 inches). As many as 25 may be kept 
successfully in larger wooden cages (18 by 25 by 20 cm or 7.1 by 9.8 
by 7.9 inches) having glass fronts and cloth backs. The flies are fed 
on lump sugar and a solution of 1 part of honey to 5 parts of water 
held on sponges. The honey solution is prepared fresh each day. 
T^en the flies are not being used they are kept in the dark and, if 
possible, in a cool place. Table 4 shows the records of a few flies. 
The ffies given only water were held during October and probably 
survived much longer than they would have if the weather had been 
^warmenr 
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Table 4. — Length of life of Lydella nigripes flies held in the laboratory 
FLIES FED SUGAR AND HONEY SOLUTION 


j 

Flies used 

Flies 

Minimum 

life 

Maximum 

life 

Average 
life ' 

Mated females used a little for reproduction at labora- i 
tory 

Number 

22 i 

12 i 
11 

Days 

13 

12 

50 

Days 

66 

52 

89 

Days 

I 43. 4 

1 38.9 

i 73.7 

1 ■' 

Males used in mating cages 

Unmated females 



FLIES GIVEN NOTHING BUT WATER ON STONGES 



5 1 


! 

13 

9 

Males - 

5 ' 

6 


6.5 





Lydella piniariae 

/Utliough fewer records were kept on length of life for Lydella 
piniariae than for L. nigripes, the records show that the former live 
just as long as the latter under laboratory conditions. 

REPRODUCTIVE SYSTEM 

Careful study revealed no difference in the reproductive systems 
of Lydella nigripes and L. piniariae. 

The external female reproductive organs have been described 
briefly by Townsend (J7). On the venter of the last abdominal 
segment is a long, heavily selerotized curved sheath, into the base of 
which the ovipositor fits and which tapers to a microscopically sharp 
point. With this organ the female punctures the skin of the cater- 
pillar and introduces the living maggot underneath. Pantel {10) 
and Townsend (18) have described the same apparatus in detail in 
Compsilura concinnaia, a closely allied species. 

The internal organs of the unmated female are shown in Figure 
6, A. Each ovary is composed of several tubules (fig. 6, B), the num- 
ber varying with the size of the fly and also often varying slightly in 
the two ovaries of the same fly. A very small fly may have only 8 
tubules and a very large fly 16, whereas an average-sized fly has from 
11 to 14. By dissection one can plainly see the outlines of the eggs 
forming in the tubules at the time the fly issues. Six eggs have 
repeatedly been counted in a tubule of a freshly issued female and, 
since this wmiild make from 132 to 168 eggs in an average-sized fly, 
which is about the number of larvae one finds after development is 
complete, probably no more eggs are formed. When the fly issues 
there is one well-developed egg at the base of each ovarian tubule. 
Those behind it are increasingly small and less developed. As the 
fly gets older the eggs become larger and more mature, increasing the 
size of the ovaries. 

After the fly is mated the eggs develop rapidly. The mature ones 
are pushed into the oviducts and pass the spermathecal opening, 
where they are fertilized, and from there to the uterus, where at first 
they lie in an even row. The uterus, which is short in the unmated 
female, gradually lengthens as the eggs descend into it. When full 
of eggs it consists of four coils within the fly^s abdomen. Figure 6, 
G, show^s the reproductive organs of a fly six days after fertilization. 
Embryonic development progresses rapidly as the eggs descend in 
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PiGXJRE e. —Reproductive system of female L^ddla mgripfspAf. Un- 
mated female with pierciug organ removed; ov, ovary; od, oviduct; 
au, auMor uterus; «, spermatheca; eg, accessory gland; pu, posterior 
utarus; 0 , ovipositor;; r, rectum; a^anus; ovariole; O, mated female 

six days after fertilization, showing piercing organ in position; |?j 
piercing organ; o, ovipositor; abs^ sixth abdormal stqrnite 
- 33 - 1 , ■ ■ , , ■ 
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tlie uterus. Those at the posterior end are ready to be deposited 
while those at the anterior end are as yet undeveloped. 

Ill iinmated females the pressure of the growing eggs is eventually 
great enough to force them into the oviducts and then into the uterus. 

In a freshly issued fly the abdominal cavity is filled with a large 
number of fat bodies. These are gradually absorbed by the develop- 
ingeggs. 

The male reproductive organs are shown in Figure 5, A. As the 
flies become older the testes seem to shorten somewhat* 

MATING 

Lydella nigeipes 

Male Lydella nigripes do not mate readily until they are a day or 
tW'O old, but the females mate best when freshly emerged. This 
peculiarity is weU taken care of in nature, for the majority of males 
invariably issue two or three days before the majority of females. 
After the females are 2 days old, it is difficult to mate them in the 
laboratory, and as they get older they resist the males more and more. 

In experiments to determine the maximum age at which females 
might be mated, 6-day-old females were taken in coitu and dissected 
a few days later. Two of these w^ere apparently fertilized normally. 
The third had 16 infertile eggs in the lower part of her uterus. These 
had all been so crow^ded against the w-alls by the fertilized eggs behind 
them that it is believed maggots w^ould have been deposited as usual. 
Probably ovarian development had forced these infertile eggs past 
the spermathecal opening before mating took place. 

In the laboratory wooden-frame cages measuring 27 by 27 by 65 
cm (10.6 by 10.6 by 25.6 inches), covered with cloth, w^ere used for 
mating. They were kept in the light but not in direct sunlight. 
Temperatures from 20"^ to 26° C. (68° to 78.8° F.) are favorable, 
although at 26° C. the flies are somewhat too active. The morning 
hours, which are the hours of emergence, are the best for mating. 

One female was observed to be mated before her wings were spread. 
So many males were attracted to this female that it seems possible 
that such fresh specimens are often fertilized in nature. 

The average length of time spent in coitu by 17 pairs was 32 
minutes, with a minimum of 14 and a maximum of 48. In one in- 
stance a pair disturbed after 29 minutes separated, but 5 minutes 
later returned and mated for 20 minutes longer. 

Female flies never mated more than once, but observation showed 
that a single male might mate as many as twenty one times and 
fertilize most of the females. Table 5 shows the record of a male 
kept at the laboratory. This male was able to fertihze as many as 
13 females normally. After that the percentage of infertile eggs rose 
rapidly, but the eighteenth female, which was mated several days 
later than the seventeenth, had the normal number of eggs fertilized. 
Unfortunately the nineteenth female escaped. 
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Table 5. — -Mating record of one male Lydella nigripes in the: laboratory 


Date 

Num- 
ber of 
female 
fly 

mated 

Time 
spent 
in eoitu 

Eggs found in 
uterus 0 {female® 

! 

Date 

Num- 
ber of 
female 

fly' 

mated 

’ Time ; 
: spent j 
1 in coituJ 

Eggs found in 
uterus of female* 

Fertile 

Infertile 

Fertile 

Infertile 



Min- 

Num- 

Num- 



Min- 

' Num- 

Num- 



uies 

ber 

ber 



utes 

ber , 

■ ber 


1 




June 27 

■ 12 




22 - I 

2 




27- - - 

13 1 

23 

138 

2 

23 — 

3 


123 


27 -i 

14 

25 

95 

38 

24' 1 

4 


126 

16 

28- 

15 ' 


59 

10 

24 

5 




29 

16 


39 

^ 37 

25 

6 


84 

2 

29 — 

17 'i 

34 

68 

73 

25 I 

7 


141 i 

1 

July 2 

18 

26 

106 

4 

25- i 

8 


169 ^ 

1 

2 ■ 

19 



(‘=) 

26 

9 

20 

92 

1 

3-._ 

20 


None. 

AIL 

26 

10 

23 

163 

2 

■ 

21 


None. 

AIL 

26 

11 

! 

22 

1 

120 

0 







a Determined by dissection. 

As these flies were used some for reproduction, the total number of eggs is incorrect. 

« Fly lost, 

Lydella piniariae 

The observations noted above for Lydella nigripes were found to 
be the same in L. pi/niariae. The number of times that a male could 
successfully mate was not determined in such detail, but it was found 
that one male could fertilize eight females normally and if other 
females had been available this number would undoubtedly have 
been increased. 

CROSS MATING 

Experimentation on cross-mating Lydella nigripes and L. pmiariae 
thre’w considerable light on the difference and also on the close rela- 
tionship between the two species. It was very difficult to mate the 
two species, for they showed little interest in each other and in all 
palling the females struggled so violently that it is doubtful whether 
such mating would take place in nature. 

The experimentation on this phase of the 'work is described below: 

Female Lydella nigripes mated with male L, piniariae. — Five females 
were mated. They were all apparently normally fertilized. A large 
number of favored-host larvae were attacked and 23 puparia were 
formed. Flies issuing from these puparia (first-generation progeny 
of cross) were kept together and six of the females were mated. 
These females did not attack favored-host larvae w^ell, but 116 larvae 
were finally attacked. Keproduction was very poor, and dissection 
of the females revealed that they had been poorly fertilized. The 
results of dissecting the six females after they had been used as much 
as possible in attacking host larvae are shown in Table 6. 


Table 6. — Relative numbers of fertile and infertile eggs in ider us of six first- 
generation female progeny of female Lydella nigripes and male L. piniariae" 


■Female fly No., ' 

Fertile 

eggs 

Infertile 

eggs 

Female fly No. 

, Fertile 
eggs. 

Infertile 

,'eg'gs ■',, 

1 ---— _ 

6 

92 

4-— 

10 

"■•'''98'' 

2 ------ - — 

8 

98 

5.. — - , 

26 

130 

3 - 

6 

81 

6— 

' 3. 

100 plus 
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Only 5 piiparia were secured from the 116 host larvae attacked. 
Attempts to mate the flies (second-generation progem^ of cross) 
which issued were unsuccessful. It was late in the season and the 
flies issued over a long period. 

Male Lydella ’Jiigripes mated with female L. piniariae . — Five females 
were mated, and all were apparently normally fertilized. A number 
of host larvae were attacked, but only one puparium was secured. 
A female fly (first-generation progeny of cross) issued from this 
puparium. 

It is not surprising that so little success was obtained with this 
cross, for Lydella piniariae was exceptionally difficult to rear in the 
laboratory. Attempts to rear Bupalus piniarius larvae for attack 
gave poor results, very few pupae being brought through the winter. 

Female fly, firsUgeneration progeny of cross between male Lydella 
piniariae and female L, nigripes, mated with male L. nigripes .- — No 
larviposition was secured from this female. Dissection showed that 
only eight eggs were fertilized. 

Female fly, first-generation progeny of cross between male Lydella 
nigripes and female L. piniariae, mated with male L. nigripes . — This 
female practically refused to attack host larvae. Dissection showed 
15 fertile and 150 infertile eggs in her uterus. 

The results of these experiments indicate a very close relationship 
between the two species, for mating was secured between them and 
females of both crosses were fertilized. The experiments indicate, 
nevertheless, that the two flies are probably different species. Mating 
was so difficult that it could hardly occur in nature, and there was 
a very high percentage of sterility among the progeny resulting from 
such mating. 

PERIOD BETWEEN MATING AND LARVIPOSITION 

Howard and Fiske (7) note that only three or four days are required 
for the adult female Lydella nigripes to reach sexual maturity. The 
writer was not able to duplicate this record. His experiments showed 
that the time between the mating of the flies and the first larviposition 
in both X. nigripes and L. piniariae may be as short as six days in very 
wmrm weather, but even then the flies did not larviposit eagerly for a 
few more days. If the weather is cooler, a day or two more is 
necessary. 

LARVIPOSITION 

A number of different ways of presenting caterpillars to larviposit- 
ing flies were tried in the laboratory. The most successful larviposi- 
tion was secured in wooden boxes measuring 15 by 20 by 10 cm (5.9 
by 7.9 by 3.9 inches) and having glass covers. Ten or fifteen larvae 
were placed in such a box with four or five flies. The box was kept 
in the light, and as the host larvae were attacked they were removed 
with a light brush through a hole in the side of the box. Another 
fairly satisfactory container for this purpose was a wmodeii box having 
a glass front and a cloth back. The cloth back was turned toward 
the light and both caterpillars and flies remained on the cloth fairly 
well. In both containers it is advisable to keep the larvae in motion. 
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Lydella nigbipes 

During the summer months females of Lydella nig-ripes attacked a 
large number of larvae of different species at the laboratory. Attack 
was fairty good but decidedly erratic. Hairless larvae were always 
more readily attacked than hairy ones. It was often very difficult "to 
get Porthetria dispar larvae attacked, but there was never the slightest 
difficulty, under proper conditions of temperature, in having many 
species of naked larvae parasitized. The optimum temperature for 
larviposition is between 25° and 30° C. (77° and 86° F.) Flies which 
refused to larviposit at 21° C. (69.8° F.) did well at 25° C., but the 
best results ever obtained when using P. dispar larvae were at 30° C,, 
when five females deposited in 41 larvae in one and one-half hours. 

The fly larviposits by a quick downw^ard and forward movement of 
the piercer, which breaks the skin of the host larva and allows the 
larvipositor to enter and deposit the small parasite maggot. A mov- 
ing caterpillar immediately attracts a fly wishing to larviposit. She 
quickly runs after it, approaching from the side. Suddenly, with a 
quick jump forward, she inserts the piercer and larvipositor into the 
side of the caterpillar and then either passes over it to the other side 
or flies away. The whole thing is done so quickly that it often seems 
to be a single motion forward. Often the fly appears to be unsuccess- 
ful in her first attempt to larviposit, for she turns around and ap- 
proaches the larva from the other side. Occasionally as a caterpillar 
is struck it falls and then the fly falls with it. Sometimes a fly is 
attracted to a motionless caterpillar and attacks it immediately. " 

A drop of liquid may exude from the host larva at the point of 
attack, and the fly often hunts for this liquid and eats it. This is 
particularly true when larvae of Bupalus piniarius and also of Cadonia 
punctoria L., another geometrid, are parasitized. As a rule the fly 
pays no attention to a larva oi Porthetria dispar after attacking it. 

Species of Vanessa larvae, when confined with flies, often strike at 
them and sometimes smear them with a green regurgitated hquid. 
This causes the fly to tremble all over and run hither and thither in a 
crazy manner for several seconds, or even a minute, after which the 
fly is again normal. 

The young maggots are deposited posterior end first. In one or 
two instances observed the host larva's skin was so tliick that it was 
not completely punctured and the maggot was left partly protruding. 
In these cases the parasite was not able to gain entrance into the host. 

Lydella piNiAEiAE 

Great difficulty was experienced in getting Lydella piniariae females 
to attack any hairy larvae. All naked larvae, however, were eagerly 
attacked. Even large geometrid larvae and species of Smerinthus 
larvae, which have skins much too thick for the piercer to penetrate, 
were eagerly attacked in an attempt to larviposit. 

It was particularly desirable to get ZydcZZa to larviposit in 

Porthetria dispm\ Nygmia phaeorrhoeaj and Vanessa urticae L. in order 
to compare its larval development in these hosts with that of i. 
nigripes. Considerable time was therefore spent with these host 
larvae. Flies of all ages were tried on aU larval instars of the hosts. 
By using larvae with as little hair as possible (in P. dispar large 
tMrd-instar larvae and in N. phaeorrhoea fourth-instar larvae) and 
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by using flies kept continuously in the light, a little larviposition was 
obtained. The flies would usually run around the cages, oyer and 
around the larvae, for hours before they would suddenly attack one. 

Lydella piniariae female larviposits in practically the same 
manner as does X. nigripes. She is very apt, though, to jump on a 
larva, run up and down its back, and larviposit by a movement which 
shoves the abdomen downward and forward, as if she were sitting 
down on the larva. The fly shows remarkable ability in staying on a 
larva, but if the violent motion shakes her off she returns immediately 
until satisfied. 

REPRODUCTIVE CAPACITY 

The number of larvae deposited by females of both Lydella nigripes 
and L, pimariae varies greatly according to the size of the fly. In one 
very small fly only 65 maggots were produced, while the largest num- 
ber found was 171 in a very large fly. L. pimariae obtained from host 
larvae collected in the field are a little larger than X. nigripes reared 
from field-collected P. dispar. 

LARVAL DEVELOPMENT 
Lydella nigripes 

Embryonic development is complete in Lydella nigripes. When a 
larvipositing female is dissected, the first-instar maggots can be seen 
actively moving inside their eggshells. At the posterior end of the 
uterus they are large enough to fill the egg, while at the anterior end 
they are rather small. It is believed that the act of larviposition 
usually slips off the delicate eggshell as the larva is forced into the 
host, for dissections immediately after larviposition almost invariably 
show larvae outside of the egg membrane. Occasionally, however, an 
unruptured egg is found. 

Immediately after deposition the larva works its way into the 
cavity of the mid-gut of the host, larvae having been observed in 
this position five minutes after the host larva was attacked. The 
parasite larva may attach itself to the wall of the gut by its stigmatic 
hooks, being thus fastened by its extreme posterior tip with the rest of 
the body lying free within the gut, or it may enter the gut completely 
and float freely in the liquid that is found there. About as many lar- 
vae have been observed in one position as in the other. The larva may 
attach itself as it bores thinugh the 'wall of the gut or later. This 
point was not determined. Usually, perhaps always, the attachment 
is at a point where the anal spiracles lie against one of the host’s 
tracheae, and it is believed that the parasite larva may get a supply 
of air in this way. Nevertheless, the larvae that float freely within 
the gut surely have no direct contact with the air, and it may be that 
the tracheal system in this instar is not functional, the peculiarity 
of attachment being simply the survival of a now nearly extinct 
habit, at one time useful. 

The first-instar larva feeds on the partly digested contents of the 
host’s mid-gut. It usually grows rapidly, but if the food supply is 
scarce development may proceed quite slowly. The larva measures 
from 0.90 to 1.28 mm when first deposited. By the time it is 1.40 mm 
long, usually three or four days later, it invariably shows evidence of 
the progressive sclerotization of the basal region of the buccopharyn- 
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geal armature mentioned earlier (p. 970). Tlie first larval instar is 
completed in the mid-gut of the host; the second instar is also often 
fully completed and the sldn cast either in the position of attachment 
or while still floating free in the contents of the mid-gut. The well- 
developed second-instar larva sometimes bores through the gut to get 
more food. The third instar is spent outside of the gut^ with the larva 
voraciously feeding on the contents of the host^s body cavity, Tliis 
instar completes its development rapidly. Usually the fully developed 
Lydella nigripes larva issues from the host larva. Occasionally % 
the host pupates before development of the parasite larva is coin- 
plete, but then it issues readily from the pupa. Issuance is made at 
any convenient point. The larva cuts a hole with its mouth hooks, 
emerging head first. A few cases have been noted wiiere the parasite, 
instead of issuing, forms the puparium within the dead host's skin or 
pupal shell. 

More than one Lydella nigripes can develop in the same host larva. 
In one instance three developed^ in a single Porthetria dispar cater- 
pillar, and once seven normal-sized puparia were obtained from a 
single larva of Polia brassicae. 

The time spent in each larval instar varies considerably according to 
the temperature, size of host, etc. A few specimens were dissected 
each day to determine growth. The quickest development noted was 
in Vanessa miicae larvae attacked in the laboratory on July 5. Four 
days wmre spent in the first instar, 3 in the second, and 3 in the third. 
Other records showed that 50 days were required for larval develop- 
ment in retarded Porthetria dispar larvae that were attacked on 
August 28. ^ 

After leaving the host, the third-instar larva burrows into the ground 
a short distance to form its puparium. In the laboratory the pupar- 
ium is readily formed without earth or other covering material It is 
believed, however, that in nature the larvae always enter the ground, 
for when given an opportunity in laboratory experiments they always 
do so. Ten larvae placed on rather firmly packed soil in the labora- 
tory burrowed down to an average depth of 3.1 cm (1.2 inches), with 
a maximum of 4.0 cm (1.6 inches) and a minimum of 1.0 cm (0.4 
inch). Outdoors six larvae burrowed to an average depth of 1.2 cm 
(0.5 inch), with a minimum of 0.6 cm (0.2 inch) and a maximum of 1.8 
cm (0.7 inch). Before forming their puparia, all the larvae under 
observation turned around so that they lay with their heads pointed 
upw^ard. . . 

Lydella piniariae 

Larval development in Lydella piniariae is slightly different from 
that in i. nigripes. Hatching and entrance into the mid-gut of the 
host are the same, but in i. piniariae the larva always attaches itself 
to the intestinal wall and it never shows progressive sclerotization of 
the basal lobes of the buccopharyngeal armature. The first-instar 
larva of L, piniariae develops so slowly that it passes the w^inter in 
this stage within the host pupa. Possibly the reason the larva always 
attaches itself to the wall of the gut is that it spends such a long time 
in this position that provision must be made for an air supply. 

Development in the spring seems to follow no definite rule. Some- 
times the parasite cuts two openings in the host s gut, one near the 
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parasite^’s anal spiracles and the other near its mouth, and holds a 
mass of the host’s body material in a rather firm lump at each of these 
points. These masses are full of tracheal tubes, and at the posterior 
end of the parasite's body many of them are held by the stigmatic 
hooks. The larva feeds on the mass of material held anteriorly. At 
other times the gut is ruptured at only one point, and one larva was 
observed which had reached the second instar without puncturing the 
gut at all. In general, though, the gut is punctured at the end of the 
-first or at the beginning of the second instar, and as the larva feeds it 
suiTounds itself with a brownish, filmlike protective covering of host 
remains. The second-instar larva is also attached to one of the host’s 
tracheae. The third-instar larva is inclosed in a protective covering 
or sac as before, but it has never been observed attached to a trachea. 
Thera is so much variation in dissected material that it was impossible 
to determine accurately the duration of the second and third larval 
instars, but development is probably rather slow in nature, for puparia 
do not appear from collected pupae until the latter part of May or 
early in June. 

It is not uncommon to find more than one Lydella piniariae maggot 
in a Bwpalus pmiarms larva in the fall, but the writer never reared 
more than one parasite larva from a host pupa in the spring, and dis- 
sections of pupae never showed more than one present, except in one 
instance, where there were two third-instar larvae, one of which was 
dead. Apparently a larva of L. piniariae is always able in some way 
to eliminate competitors of the same species. Marks have been noted 
on dead larvae that were undoubtedly made by the mouth hooks of 
another. 

When feeding is completed, the larva leaves the host and burrows 
into the ground as was noted for L. nigripes, 

PERIOD SPENT IN THE PUPARIUM 
Lybella NIGBIPES 

Data on the period of time between the formation of the puparium 
and the issuance of the flies were obtained from laboratory-reared 
materiaL As the puparia were formed, they were isolated and then 
examined daily for issuance of flies. Table 7 shows the results 
obtained. 


Table 7. — Time spent hy Lydella nigripes in the puparium 


! 

Time of formation of puparium 

i 

1 

Puparia ! 
producing i 

Puparia 

producing 

Average time spent in 
puparium 


male adults i 

j 

female 

adults 

Males 

Pemales 

Apr. 25 to May 

Number 

Number 

Days 

Days 

12 

10 

17. 5 

17.9 

May 31 to June'5 

14 

10 

12. 3 

12.6 

July 1 to 15 - 

1 

3 

13.0 

12.3 

July 16 to 31--. _ 

42 

55 

11,9 

12.8 

Aug. 1 to 15.— _ . 


I 

14.0 

Aug. 16 to 31-...-.— ■ / 

2 

''8 

12.0 

■■■ '117 

Sept. 1 to 1.5— , _ _ ■ . 

20 

28 

12.2 

14. 0 

Sept. 16to30- 

56 

89 

15,7 

16. 8 

Oct. 1 to 15 ... 

7 

■ 4 

19.0 ’ 

25, 0 

Oct. 16 to 31. ■ 

3 

■ ■ 2 

26.0 

31. 0 
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The time spent in the puparium yaries greatly with the temperature. 
Male adults issue in from 12 to 14 days in June, July, and August, but 
ill October as man^^ as 26^ days may be required. Females require a 
day or so longer. ^ This peculiarity is common among the Tachinidae, 
andi undoubtedly is an important factor in mating, for the best mating 
is secured bet-ween freshly emerged females and males from 2 to several 
days old. When a number of Lydella nigripes pupae are secured from 
simultaneously attacked host larvae, the first-formed pupae always 
produce a large percentage of males and those formed later a large* 
percentage of females. 

Toward the end of the rearing season the majority of flies that issued 
were females. One case was noted where 17 larvae of PoUa brassicae 
attacked between August 25 and September 4 produced 33 puparia 
between September 6 and 19, and from these puparia 12 male and 21 
female Lydella nigripes flies issued. It would be almost impossible 
to check such results in nature, but the phenomenon might be a 
natural one, for we loiow that males mate several times, and there is 
therefore less need for equal numbers of each sex toward the end of 
the summer. 

Lydella pixiariae 

The length of time Lydella piniariae spends in the puparium was also 
observed under laboratory conditions. The puparia were part of a 
large number secured from overwintering Bupalus piniarms pupae. 
The time was found to be about the same as for L. nigripes. The fact 
that the majority of male larvae complete development earlier in the 
season than the females is clearly brought out in Table 8. 


Table 8. — Issuatice of Lydella piniariae flies from two his of puparia 


Time after formation of 

From a lot of 540 
puparia formed 
May 24, 1929 

Time after formation of 

From a lot of 211 
puparia formed 
June 4, 1929 

puparia (days) 

Adult 

males 

issuing 

Adult 

females 

issuing 

puparia (days) 

Adult 

males 

issuing 

Adult 

females 

1 issuing 

14 - . 

Number 

no 

Number 

14 

Number 

14 

Number 

16 

120 


15__- ! 

22 

18 

16 - 

115 

10 

16 : 

7 

70 

17 ■ 

33 

49 

17 ^ 


. ' 46 

18 . _ . .. 

3 

20 

18 - 


, 3 

19 


2 

19' ^ 


'3 







LABORATORY REARING 
Lydella nigripes 

Lydella nigripes was reared at the laboratory on retarded PoiLhetria 
dispar in order to get material for study. A. large number of other 
hosts were also exposed to attack, in an attempt to get data on the 
different host species in which it could develop. The species in which 
L. .nigripes was reared are listed earlier in this paper (page 965). 
Development in P. dispar larvae was rapid in most cases, but there 
was considerable variation in the time spent as a larva. In P. 
dispar stock attacked the latter part of August, many of the parasite 
larvae developed very slowly and a few of them did not develop 
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beyond the first instar. It is believed -that the retarded host larvae 
did not give sufficient nourishment to the parasites, for, with the 
exception of Bupakis piniarms, development was rapid in other hosts 
attacked at this time. This species can hardly be compared with the 
others, however, for most of the larvae were so small when attacked 
that development was retarded. Furthermore, in practically every 
case i. nigripes completed development in B. piniarius. L. piniariae, 
on the other hand, never developed beyond the first instar in this 
host, during the summer, i. nigripes larvae always showed the 
progressive sclerotization of the basal lobes of the pharyngeal arma- 
ture after they had developed in B. piniarius larvae for a few days, 
but tliis never occurred in piniariae larvae. 

The smallest Porthetria dispar larvae successfully attacked at the 
laboratory were large second-instar caterpillars. 


Lydelua piniariae 


Eesults from attempts to rear Ly della piniariae larvae at the labora- 
tory were very different. A fairly large number of hosts were attacked 
and they include many species in which i. nigripes completed a 
summer generation. Nevertheless, the only evidence obtained which 
indicated that a summer generation of L. piniariae might develop, 
was one piiparium formed on August 27 from a pupa of Tortrix dume- 
tana, the larva of wdiich was attacked at the laboratory on August 6, 
and one puparium formed August 19 from a larva of Abrosfola tri- 
partita attacked July 16. A list of larvae attacked by Lydella pinia- 
riae follows. Those starred (*) are species in which L. nigripes 
develops a summer generation. 


*53 Nyg?nia phaeorrhoea Donovan. 

1 Pieris brassicae L. 

6 Pieris rapae L. 

*2 Plusia gamma L. 

*225 Porthetria dispar L. 

2 Smerinthus quereus Schiff. 

*4 Synopsia sociaria Hbn. 

8 Tortrix dumetana Freyer. 

81 Vanessa urticae L. 

3 Vanessa io L. 

In general the larvae attacked lived a long time. Most of them 
lived long enough for the parasites to develop, but dissection of the 
stock showed that the parasite larvae did not develop beyond the 
first instar. Two first-instar larvae were found in Porthetria dispar 
caterpillars 18 days after larviposition, two first-instar larvae were 
found in Nygmia phaeorrhoea larvae 17 and 24 days after attack, and 
one first-instar larva was found in Vcmessa urticae 17 days after 
larviposition. These facts indicate that as a rule Lydella piniariae 
does not develop beyond the first instar in the summer, but is essen- 
tially a single-brooded species. The two exceptions noted indicate 
that the species may occasionally have a summer generation. 


*2 Ahrostola tripartita Hufn. 
2 Agrotis pronuba L. 

1 Amphidasis betularia L. 
*25 Bupalus piniarius L. 

*7 Calophasia casta Bkhn. 

43 Cadonia punctoria L. 

2 Diphthera alpium Osbeck. 
1 Drymonia querna Fab, 

*38 Polia brassicae L. 

9 Melitaea sp. 


COMPARISON OF LYDELLA NIGRIPES REARED FROM PORTHE 
TRIA DISPAR AND FROM NYGMIA PHAEORRHOEA 

Puparia of Lydella were obtained the last part of May and 

the early part of June, 1930, from field-collected larvae of Porthetria 
dispar and Nygfyiia phaeorrhoea. In order to avoid any possible con- 
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fusion between flies reared from these two hosts, the material originat- 
ing from P. dispar and that originating from N. phaeorrhoea were 
kept separate for the entire season. Material was cross-mated in 
both directions with no difiiculty, and the progeny resulting from 
both crosses were reared for three generations. No difference was 
noted in the larvae or adidts reared from the two hosts or from cross- 
mated stock. 

COMPAEISON OF LYDELLA NIGRIPES WITH COMPSILURA " 

CONCINNATA 

Although the adults of Lydella nigripes and Compsilura concinnata 
show morphological differences, the similarity in their biology and 
immature stages has been noted in several instances. Townsend (17) 
in 1908 and Pantel (10) in 1910 first called attention to this, and 
Howard and Fiske (7, p. 296) in 1911 noted that Lydella has a more 
restricted host relationship than Compsilura and ^^is exceedingly rare 
as a parasite of the gipsy-moth caterpillars,” but ^^in every other 
respect except host relationship, the habits of the two are identical, 
and so far as known the earlier stages are absolutely indistinguish- 
able.” 

So far as host relationships are concerned, it is true that, in spite 
of the large number of hosts which LydeUa attacks, the number which 
Compsilura is known to parasitize is far greater. Lydella nigripes, 
however, may at times be of some importance as a dispar parasite. 

It seemed worth while to try again to detect differences between 
the immature stages of the two parasites. No way of separating the 
first-instar larvae was found, but those of the second and third instars, 
as well as the puparia, are quite distinct. The anterior spiracles of 
second-instar Lydella nigripes larvae almost invariably have 3 papillae, 
rarely 2, and very seldom 4. In Compsilura, on the other hand, there 
are almost always 6 or 7 papillae. In only one instance has an excep- 
tion, where there were 5, been noted. The third-instar larvae mn,j 
also be separated by the number of papillae of the anterior spiracles. 
In Lydella there are 3 or 4, in Compsilura 5 to 7. The species may 
further be distinguished in this instar by the arrangement of the 
cuticular spines surrounding the posterior spiracles. In Lydella there 
are 2 small patches of spines which coalesce at their bases, situated 
just anterior to the posterior spiracles, and 1 or 2 similar patches 
placed close together posterior to the spiracles. In Compsilura one 
finds rather heavy spines, but they do not coalesce at their bases into 
patches. The puparia are distinct. In Lydella nigripes the posterior 
end is somewhat pointed, the spiracular plates are nearly contiguous, 
and the area just below them is distinctly raised. The posterior end 
of the Compsilura concmmfa puparium is rounded, the spiracular 
plates well separated, and the area below them practically fliisln 

These differences, although important aids in the determination of 
the immature forms, do not alter the fact that the two species are 
biologically very closely related. The habits of the flies — larviposi- 
tion, larval development, and seasonal history — are all so nearly 
identical that one is amazed that Compsilura became so easily and 
widely established in North America, while, so far as toown, Lydella 
with the same opportunities could not become acclimatized. The 
reasons for this remain a mystery, but one or two points noted in 
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studying tlie flies may be interesting in this connection. In the first 
place there is a very marked difterence in the way the two species 
larviposit. Coinpsilura concinnata eagerly attacks almost any species 
of host larva whether it is hairy or not. The flies attack with such 
vigor that they easily puncture the skin with their sharp piercers and 
deposit their maggots. Flies of Lydella nigripeSj on the other hand, 
do not attack hairy larvae at all eagerly; in fact, the attack is often 
not aggressive enough to push the piercer through the host larva^s 
skin. They seem quickly discouraged or tired and soon can not be 
induced to attempt larviposition at all. Another, perhaps even more 
important, difierence is the fact that Compsilura larvae usually sur- 
vive better than those of Lydella. General laboratory rearing of these 
parasites in larvae of Porthetria dispar and Nygmia phaeorrhoea showed 
that invariably a high percentage of the larvae attacked by Compsilura 
gave puparia, while even the larvae which were surely attacked by 
Lydella (as evidenced when a drop of liquid exuded at the point of 
attack) produced a low percentage of puparia. The reasons for this 
could not be determined. Dissections almost always showed healthy 
larvae, although occasionally none could be found. A third consid- 
eration which might help explain why Compsilura concinnata is so 
successful in America whereas Lydella nigripes has not become estab- 
lished is that of competition. The twm species must be severe com- 
petitors in nature. In Europe, it is true, they exist side by side, 
although apparently neither ever reaches a very high degree of effec- 
tiveness as a parasfte. 

In North America Compsilura concinnata is very successful. It has 
perhaps been able to fill its place in the American fauna so weU that 
Lydella nigripes^ which must compete for nearly the same place, can 
not establish itself. 

Laboratory experiments on the competition between Compsilura 
concinnata and Lydella nigripes, as indicated in the following section, 
seem to show that Compsilura concinnata is the stronger of the two, 
but in a number of instances both parasites developed in the same 
host larva. 

COMPETITION WITH OTHER PARASITES 

LYDELLA NIGRIPES 

No data were secured in the field regarding the competition be- 
tween Lydella nigripes and other parasites in Porthetria dispar or 
Nygmia phaeorrhoea. There might be rather severe competition 
betw^een Lydella nigripes, Compsilura concinnata, Carcelia separata 
Eond., Stwrmia inconspicua Meig., and Hyposoter spp. in Porthetria 
.dispar, ioir they aU attack and issue from the host about the same time. 
In Nygmia phaeorrhoea, Lydella nigripes has Coinpsilura concinnata, 
Sturmia nidieola Townsend, Pales panda Meig., and Zenillia laxifrons 
Villeneuve as severe competitors. 

In the laboratory an experiment in competition was carried on 
between Lydella nigripes and Compsilura concinnata in Pofthetria 
dispar laxYao. Third and fourth instar host larvae were used. Such 
conditions may never occur in the field, but the results are given in 
Table 9 as having at least an academic interest. 
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Table 9. Competition between Lydella nigripes and Compsilura concmnaia 
in third and fourth instar Porthetria dispar larvae attacked at the- laboratory 


Parasite 

Host 

larvae 

attacked 

Host- larvae from which puparia of the . 
parasite were obtained 

Comp- 

silura 

Lydella 

Lydella 

and 

Compsi- 

lura 

Total 

Lydella (check) 

50 


24 


24 

20 

Compsilura (check). 

50 

20 



Lydella and simultaneously 

65 

18 

11 

7 

36 

Lydella and 2 days later Compsilura 

63 

12 

7 

1 

20 

Lydella and 4 days later Compsilura 

63 

6 

10 

1 

17 

Compsilura and 2 days later Lydella 

63 

17 

3 


20 

Compsilura and 4 days later Lydella 

63 

40 

5 


45 


LYDELLA PINIARIAE 

No data were secured from the field on. conipetitioii between 
Lydella pmiariae and other parasites in Bupolus piniarius^ but the 
competition must be very keen, for a large number of hymenopterous 
parasites are reared from this host. 

FACTORS LIMITING THE EFFECTIVENESS OF THE TWO SPECIES 

AS PARASITES 

LYDELLA NIGRIPES 

It is rather surprising that Lydella nigripes^ which is usually 
present in some numbers in infestations ol Porthetria dispar, should 
be of no greater importance as a parasite of that host. There does 
not seem to be any reason why the species should not be at least 
potentially as effective as Compsilura coneinnata. Experimentation 
seems to indicate, however, a few of the reasons why it does not 
increase more. Perhaps the most important is that Lydella seems to 
prefer hairless larvae for attack. If this is as true in the field as it is in 
the laboratory, it can be understood why dispar might be avoided 
when there was an abundance of preferred host material in the. field. 
The fact that the species is very polyphagous also cuts down its 
effectiveness as a dispar parasite, since it is not obliged to confine its 
efforts to this host. Another fact that may limit the species is that a 
large percentage of the maggots deposited in the late fall complete 
development at such a late date that the issuing flies do not find 
larvae to attack, and consequently perish without reproducing. In 
one instance 21 larvae of Abrostola tripartita were attacked at the 
laboratory on October 7. Nine puparia were formed on November 6, 
from which flies issued about December 10, much too late for them 
to find larvae to attack. Only four puparia were recovered from the 
hibernating pupae in the spring. If the same tendency is shown in 
the field there must be a very Mgh mortality. 

Lydella nigripes has generallj^ shown itself a more effective parasite 
of Nygmia phaeorrhoea than of Porthetria dispar ^ but it has the same 
limitations on this host also. 

During this -work there was no opportunity to collect Lydella 
nigripes puparia in the field in order to ascertain whether or not the 
species is attacked by secondaiy parasites. It spends such a short 
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time in the immature stages that it is probably not serious^ parasit- 
izedy but laboratory notes for 1906, 1907, and 1908 indicate that a few 
Monodoniomerus aereus Walker were reared from the piiparia. 

LYDELLA PINL^RIAE 

LydeUa piniariae is much more effective than L. nigripes. The per- 
centage of parasitization is often very high, and in every case under the 
writer’s observation it showed a marked increase during the second 
and third years of the infestation. All the limiting factors that were 
noted for i, nigripes are inapplicable to L, piniariae. It eagerly at- 
tacks Biipalus larvae, goes into hibernation early in the summer, and 
probably confines itself almost exclusively to the one host. As a 
matter of fact, there does not seem to be any reason why the parasite 
should not go on increasing at the expense of the host at such a rate 
that it would soon eliminate it, and it is believed that this would ac- 
tually take place if the combined efforts of the parasites attacking 
B. pimarius did not check an infestation before L. piniariae reached 
its full effectiveness. Of course, there are some rather obvious limiting 
factors, and one of them may be serious enough to hamper greatly 
the parasite’s effectiveness at times. This is a hyperparasite, Me- 
sochoTUs politus Grav., which attacks the parasite while it is within 
its host. More than 57,000 L. piniuriae pupae w^ere reared in 1929, 
and this secondary parasite was not encountered, but in 1930 out of 
a lot of 600 puparia no less than 299 adults of M. poliius issued. Sit- 
towski (13) notes that he found this hyperparasite destroying 10 per 
cent of the L. piniariae pupae. A limiting factor of less importance 
is the fact that only one LydeUa larva can develop in a single B. pin- 
iarius larva. This must result in a rather heavy mortality among the 
parasites for, of course, one host may be attacked several times. 
There must also be severe competition between L. piniariae and the 
large number of parasitic species which inhabit B. piniarim. The 
parasite must also suffer greatly when the host pupae fail to live 
through the winter owing to climatic conditions, fungus, etc. 

SUMMARY AND CONCLUSIONS 

LydeUa nigripes Fallen is a polyphagous tachinid parasite in Europe. 
Because it is of some importance in controlling the gipsy moth 
(Porthetria dispar L.) and the brown-tail moth {Nygmia phaeorrhoea 
Don.), it seemed desirable to try to establish it in the United States. 
During the siunmer it completes three and often four generations in 
different host species. It hibernates as a second-instar larva within 
the host pupa or larva. 

LydeUa piniariae Hartig is an important European parasite of the 
pine geometrid {Bupalus piniarius L.). The host larvae are attacked 
during the summer and the parasite develops very slowly, hibernating 
as a first-instar larva in the mid-gut of the host pupa. As a rule the 
parasite probably completes only one generation each year in this 
single-brooded host, but a summer generation may occasionally de- 
velop in some other host species. 

The two species Have previously been considered identical, but soon 
after this study was begun it became apparent that there was a differ- 
ence in the biology of flies veaxed from Bupalus piniarius and those 
reai’ed from Porthetria dispar md Nygmia phaeorrhoea. It was 
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possible to separate the adults morphologically. The iiiimature stages 
have been studied and found to be almost identical. The only differ- 
ences noted were in the^ first-instar larvae. The buccopharyngeal 
armature of Lydella nigripes shows progressive sclerotization of the 
basal lobes as the larva becomes fully developed, whereas this does 
not occur in L, piniariae, and the tip of the buccopharyngeal arma- 
ture in first-instar L. nigripes is more sharply angled than in i. 
piniariae. 

The adults of Lydella nigripes and i. piniariae show little difference' 
in behavior. Both are long-lived. They mate readily in the labor- 
atory and the males are capable of mating many times. Experimen- 
tation in cross-niating the two species indicated that they probably 
would not mate in nature. Cross-mated females were fertilized, but 
the progeny were nearly sterile. 

The females of Lydella nigripes and i. piniariae have a sharp, 
stout piercer attached ventrally on the last body segment. The base 
of the ovipositor fits into this instrument and the fly uses it to punc- 
ture the host larva’s skin. As the skin is punctured a living maggot 
is deposited inside the host. From 125 to 150 maggots are deposited 
by average-sized females of both species. 

Lydella piniariae practically refuses to attack haiiy larvae, whereas 
L. nigripes, although preferring naked larvae, attacks many species of 
haiiy caterpillars. 

There are some differences in the larval development of the two 
species. The first-instar larva of Lydella piniariae is always attached 
to the wall of the host’s mid-gut, the second-instar larva is apparently 
always attached to a host trachea, and the third-instar larva is found 
in a protective sac or covering formed from the host remains. About 
as many of the first-instar larvae of i. nigripes float free in the liquid 
contents of the mid-gut as attach themselves to a trachea, many of 
the second-instar larvae float free in the same position, although some 
attach themselves to a trachea, and the third-ins tar larvae may or 
may not form a protective covering or sac from the host’s remains. 
The mature larvae of both speciee leave the host and burrow a short 
distance into the groimd to form puparia. The males spend about 
11, the females 12, days as pupae. 

Lydella nigripes regularly completed a summer generation in larvae 
of Porthetria dispar, Nygmia phaeorrhoea, Bupalus piniarim, and 
many other host species attacked at the laboratory. L. piniariaej. on 
the other hand, rarely completed a summer generation. In two 
isolated instances puparia were recovered, but deposited maggots 
never developed beyond the first instar in B. piniarius, P, disp'Or, iV. 
phaeorrhoea, or a number of other host species in which L. ndgri^m 
developed rapidly. 

Although there are some marked differences in the life histories and 
habits oi Lydella nigripes and L. piniariae, there are similarities in 
almost every phase of their life histories which show that a very close- 
biological relationship exists between them. The obvious explanation 
is that the}^ present an example of species evolution, which has not 
progressed far enough to bring about marked morphological changes. 
Since B. piniariae may be considered as simpler than B. nigripes, it is 
probably the older. 

A brief comparison was made between Lydella nigripes and Comp- 
sitem a^^ Porthetria dispar and Nygmia phaeor- 
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rhoea' which lias been very successfully established in the United States* 
The life histories, habits, and immature stages of the two parasites 
are remarkably similar. The first-instar larvae could not be separated, 
although slight differences were noted in the later instars. The two 
species undoubtedly compete severely in nature. In the laboratory 
0, concinnaia seems to be somewhat stronger, but larvae of both 
species often developed in the same host larva. G. eoncirmuM^ 
nevertheless, is much more aggressive. It eagerly ^ attacks hairy 
caterpillars as well as naked larvae. Perhaps this is why ( 7 . con- 
cinnata has been able to establish itself so well in the American 
fauna while L, nigripes has been unsuccessful. 
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POROSITY AND WATER ABSORPTION OF FOREST SOILS ^ 

By John T. Auten 

Central States Forest Experiment Station,^ Forest Service United States 
Department of Agriculture 

INTRODUCTION 

Tlie manner in which water in the form of rainfall or run-off acts, 
upon the surface soil, and the capacity of the soil to absorb water, are" 
well recognized as two interrelated factors that link together all prob- 
lems of soil erosion, flood control, and water conservation. Two 
other factors that, less obviously, are linked to these through their 
eflect on surface soils are land abandonment on the one hand and 
forestry on the other. 

In the Central States, where the studies here detailed were pursued, 
land abandonment has reached disturbing proportions, and the end is 
not yet. The 1925 census records 6,500,000 acres of idle and fallow 



FrcuTEE 1.— A field that has become a waste of ever-growtjig ditches 


land in the^e States; and a recent survey of a typical southern Ohio 
county reveals 50 per cent of the improved land abandoned since 
1900... ■ ,■ ■■■/ 

With abandonment of poor land came erosion. Indeed, soil erosion 
started on the steeper slopes and hills as soon asThe forest cover was 
cleared away, but reached much greater proportions as unprodxfetive 
fields were abandoned to the elements.^ The loss from erosion under 
faulty methods of managing hill lands is doubtless more wasteful and 
destructive than the loss of plant food through cropping. The surface 
soil itself is quickly washed away by heavy rf,ing and gullies form and 
grow until what was once a field becomes a waste of ever-grqwing 
ditches. (Fig. 1.) / f. . • ■ 

I Beoeived for puhlioation Sept. 10, 1932; issued July 1933. 'Y i- 

3 Maintained in cooperation with Ohio State University and Ohio Agricultural Experiment Station; ' 
3 Reference is made by number (italic) to Literature Cited, p. 1014. 
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The influence of forests and the practice of forestry are all in the 
other direction of holding and building up surface^ soils andj perhaps 
more important, of lightening soil structure and so increasing porosity. 
Under a cover of forest trees, erosion is not a problem where the forest 
is not repeatedly burned or severely overgrazed. The tree roots and 
protective cover of leaf litter keep the soil from, washing. The same 
conditions which prevent erosion favor water conservation. Forest 
soils protected by tree cover and leaf litter retard the effect of surface 
run-off and thereby conserve the moisture which is precipita ted in the 
form of rain and snow. This water is then held in storage as a feeder 
of wells and springs and, slowly released, stabilizes stream flow and 
tends to check excessive floods. 

Thusit is that, whereas problems of floods, erosion, and natural 
reservpirs are in the Central States largely problems of soil manage- 
ment', one solution, and often the only solution, of such problems lies 
in putting idle land to work through the growing of protective and 
productive crops of forest trees. 

While the influence of forests and forest litter in the control of the 
aforementioned problems is recognized, and reforestation of waste land 
is proposed as one of the important solutions, yet the changes in soil 
structure, fertility, and moisture content undergone in the transition 
from forest to field conditions have not been understood thoroughly 
enough for foresters to appreciate the difficulties in starting new tree 
growth on waste land. 

In order to cope with these conditions, it is necessary for the forester 
to take advantage of certain soil relationships and to apply some basic 
facts regarding the soil to the problems of forest management. One 
approach is through a study of the functions of forest litter. 

The literature pertaining to litter, and especially to its effect upon 
soil porosity and water absorption, is meager, feiffert (5, p, 1266- 
1269), assuming 0.12 inch of rainfall to be held by the average forest 
litter, pointed out the insignificance of this amount in its effect on 
the Mississippi floods. Lowdermilk (S) recognized that the absorbing 
capacity of forest soil as a function of its porosity is to some extent 
independent of litter coyer. McCarthy (7, p. jfO^) emphasized the 
importance of forest soil structure in influencing water-holding ca- 
pacity. Munns (4) estimated the maximum excess of water held in 
forest over field soil to be about 1 inch, but stated that with good 
forest practice this amount might be increased. Korstian (2) recog- 
nized the difference between litter-covered and bare soils and. found 
the penetrability of litter-covered soil to be 175 per cent greater than 
Aat of bare soil. Warington {8, p, .^7), in commenting on two 
Kothamsted soils, stated that the soil densities increased to a depth 
of 36 inches and were fairly constant below that level. Harmer (I), 
when reporting on the densities nf six field soils and six open prairie 
soils, found them about equal in compaction. He stated that the 
density increased with depth rather gradually in prairie soils, but 
more rapidly in forest soils. 

To arrive at a better understanding of the relation of soil to the 
problems of forestry and to determine the influence of forest cover 
and torest litter, a series of studies has been undertaken, out of which 
ne study of soil porosity and capacity for water absorption was 
mosm tor immediate investigation because of its important bearing 
on tne problems of erosion, flood control, and water conservation, as 
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well as its relation to the successful establishment and maintenance 
of forest plantations on the farm and on waste land. 

The work in this investigation covered both soil porosity a.nd .waii'r- 
absorbing capacity. Because of contrasting conditions of foresi, iiiui 
field soils, a comparison of these characteristics was inadi' in four 
distinct phases, as follows: (1) Old-growth, forest soil with open-field 
soil; (2) second-growth forest soil with open-field soil; (2) gra.z;(Ml wilh 
ungrazed second-growth forest soil; (4) forost-plantiition soil vvil.li 
open-field soil. 

SOIL POROSITY OP OLD-GROWTH FOREST AND OPEN FIELD 

From among the very few forest stands in the Central States un- 
dL’turbed by cutting, grazing, or recent fire, 22 areas were selected 


Figure 2.— Characteristic old-growfch trirgin soil 

that were near enough to a natural condition to be suitable for tlie 
purposes desired. (Fig. 2.) These sites, in Ohio, Indiana, Michigan, 
and Illinois, were selected on the basis of no grazing, no cutting for 
at least 50 years except for the removal of an occasional tree, and no 
recent fire damage apparent. The absence of grazing was determined 
by the uniform distribution of age classes and by the available history 
of the woods. So far as could be determined from observation and 
checking with soil-survey data, the soils compared were of the same 
original type. 

^ Twenty soil tests for apparent specific gravity, or air-dry weight 
divided by a constant volume, were taken on each area — 10 in the 
forest and 10 in adjacent fields. This number varied in a few in- 
stances, but forest and field samples were paired on each site. Each 
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field site was selected as near the forest as possible as a precaution 
against variation in soil type between the two. The ^ topography 
was observed and the samples taken as near the same elevation as 
possible. All surface litter and duff were removed froiri the forest 
soil in order that the comparisons might be made purely on the basis 
of mineral soil. The cultivated soil did not, of course, have the 
surface organic horizon. In addition to the 10 specific-gravity sam- 
ples on each site, a 500-g sample was taken for moisture and real 
Specific gravity determination. This latter sample was weighed 
immediately, placed in a pint cardboard box, and taken to the 

laboratory. ^ • i i 

The apparent specific-gravity tests were made with tlie usual 
specific-gravity tube, a hollow iron cylinder 2}^ inches in diameter 
and 121( inches long. One end was beveled on the outside to make a 
sharp cutting edge. Tliis bevel, being on the outside, did not change 
the uniform inside diameter of the tube; hence, significant compres- 
sion of soil did not result when the tube was driven in. With an iron 
plug turned from high-grade machine steel as a driving head and an 
8-po.und steel sledge, the tube was driven into the soil until only 3 
inches projected above the surface, as determined by a groove 
machined around the tube. The core of soil 2)1 inches in diameter 
and 9}i inches long (6.35 by 23.5 cm with a volume of 744 cnrO was 
removed from the tube and weighed. 


Table 1. — Averaffe weights of constant soil volumes (744- cm?) to a depth of 9.'B5 
inches compared in various old-growth forest areas and adjacent open fields** 




Open area 

Forest soil location 

Forest 

soil 

Description 

Soil 

sample 

Kefier Woods, Mifflin, Ohio 

Grams 
**946.6 ' 


Grams 

087.1 

State Sanatorium Woods, Mount Vernon, Ohio-- - 

912.8 


1,061.2 

Myers Woods, Oldenburg, Ind 1 - 

956. 2 


1,063.0 

Bwkey Woods, Warsaw, tnd - 

1,165.7 


i; 244. 4 
1, 078. 2 
1, 114,4 

Bosebrook Woods, Warsaw, Ind - - 

1, 010. 4 

'Wheat .stubbltv., — „ 

Pines Park Woods, Dixon, ill — - 

' 970. 2 

Bent Tree Woods, Elizabeth, 111 — __ 

859. 0 


999. 1 

Poley's Woods, Pte, 111 

Bhymer Woods, Dongola, 111 - 

857.4 
867. 1 
« 879. 1 


1. 133. 1 
1, 082. 7 

f 1,058.0 

t 1, 068. 0 

1.013.2 
1, 019. 7 
1,079.6 

' 1,042.0 
1,134.4 

J ^.1.124,0 

1 1, 147. 4 
i 1,059.7 

1.018.2 

Turkey Run, No. 1, Marshall, Ind - - - 

Clover field 

Turkey Run, No. 2, Marshall, Ind 

<*900.6 

DElon Woods, Porter, Ind - - — 

928. 2 


Spring Mill Park, Mitchell, Ind - 

905. 7 


Lewis Woods, Williamsburg, Ind— 

860. 5 

'Cornfield---..——- 

Purdue University Woods, Farinland, Ind-.„ - 

916. 1 

Brownfield Woods, Urbana, 111— - 

914.3 


Fricke Woods, Jonesboro, Ill„-_ — 

« 996. 7 


Reynolds Woods, Coruna, Ind__ 

1,000.7 
994 1 

[Pasture- 

Ellsworth Woods, Ellsworth, IlL 

Liepold Woods, Mount Carmel, 111 - 

898! 0 
1,019.1 

/ 

Shades, Shades, Ind—. 

(f) . 




Beal or weighted average . 

«'936=t3.2 


U,079=b2.6 
76. 77 

Standard deviation — — 

93.62 

■p 


\ 


r ]& unless otherwise noted. « Not included in average, as exi)lained in text. 

6 ^ determmations. / No comparable field. 

^ J j " Based on all determinations. 

12 determmations. 

When the weights of this constant volume of different soils were 
tabulated and averaged (Table 1), it was found that the difference 
between average weights of forest and field soils was 143 g. In other 
words, the average field soil was 15.3 per cent heavier than the average 
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forest soil in the upper 9 inches. Since the samples were taken in 
August and September during an extremely dry period, moisture 
content was at a minimum in all samples included. Laboratory 
determinations show slightly higher percentages of moisture in woods 
than in field soils; therefore, the comparison of woods with field soil 
is justified on field- weight basis since the difl’erence is slight and 
would tend to reduce rather than increase any difference between 
weights. 

The Fricke Woods samples, which were not included in the average 
in Table 1 , were the one exception in moisture content. These samples 
were taken at the end of the summer season after a sudden heavy rain. 
It is interesting to observe that when the samples were taken on the 
day following the rain, moisture had penetrated to a depth of 9 inches 
in the woods, on a 10 per cent slope, whereas in an adjoining field with 
less slope the penetration of moisture was only 3 inches. The differ- 
ence was due undoubtedly to superficial run-off in the open. This 
belief is strengthened by observations of serious erosion damage in 
the field. 


Table 2. — Moisture, specific gravity, and pore space in old^-growth forest and field 

soils 


Soil-sampling site 

Capillary water 

Hygroscopic water 

Apparent specific 
gravity 

Forest 

Field 

Forest 

Field 

Forest 

Field 

Myers Woods, Oldenburg, Ind.... 

Per cent 
8. 93 

Per cent 
3.61 

Per cent 

1. 030 

Per cent 

1. 197 

1. 1801 

1. 3911 

Be'rkey Woods, Warsaw, Ind 

22.25 

20. 77 

1. 237 

. 962 

1. 2715 

1. 3857 

Kosebrook Woods, Warsaw, Ind 

Fines Park Woods, Dixon, 111... 

22, 25 
17,64 

15.74 
13. 12 

1. 565 

1. 520 

1. 172 
1.817 

1.1115 

1. 1088 

1.2526 
‘ 1.3252 

Bent Tree Woods, Elizabeth, III 

4.38 

5. 93 

1. 537 

1. 559 

1. 1061 

1. 2674 

Foley's Woods, Paris, 111 1 

13. 38 

7. 76 

2. 372 

1.325 

1.0175 

1.4126 

Bhymer Woods, Dongola, I1L-. 

16, 27 

13. 90 

1,350 

1. 115 

.9906 

1. 2782 

Turkey Run, Marshall, Ind., No. 1 

8.93 

5.26 

.759 

1. 262 

1. 0981 

1. 3508 

Turkey Run, Marshall, Ind., No. 2 

7. 30 

5.26 

,840 

1. 262 

1. 1142 

1. 3508 

l")illon Woods, Porter, Ind 

13. 63 

13. 89 

.777 

1.094 

1.0887 

1. 1962 

Spring Mill Park, Mitchell, Ind 

7.99 

13. 38 

1. 245 

2. 825 

1. 1276 

1.2903 

Lewis Woods, Williamsburg, Ind.......... 

32. 63 

27.22 

2.467 

1. 660 

.8723 

1. 1424 

Brownfield Woods, Urbana, 111 

14.94 

8. 93 

2. 290 

1. 310 

1. 0698 

1.3992 

Fricke Woods, Jonesboro, 111 

40. 05 

13.64 

1. 380 

2. 127 

. 9569 

1.3306 

Reynolds Woods, Coruna, Ind 

13. 63 

10, 86 

1. 450 

1. 612 

1. 1841 

1. 3925 

Ellsworth Woods, Ellsworth, 111 ........ 

Liepold Woods, Mount Carmel, 111 

8. 69 
13. 12 

12, 11 
9.09 

1.872 
1. 775 

1. 982 
.972 

1. 2298 
1.0672 

1.2702 
1. 2594 

Warren Woodsj Three Oaks, Mich .... 

6,16 

1,83 

. 952 

.645 

1. 1102 

1. 2298 

Soil-|ainpling site 

Real specific 
gravity 

Pore space, with percentage 
excess in forest soil ■ 

Forest 

Field 

Forest 

Field 

‘Excess ' 

Myers Woods, Oldenburg, Ind 

2.698 

2.618 

Per cent 
54. 67 

Per cent 
46. 86 

Per cent 
16. 46 

Berkey W oods, W arsaw, i'nd 

2. 685 

2. 611 

60.81 

46.93 

8.27' 

Rosebrook Woods, Warsaw, Ind 

2.684 

2.517 

56.98 

50.23 

13.44 

Pines Park Woods, Dixon, ill. 

2. 607 

2. 598 

57. 47 

48.99 

17.31 

Bent Tree Woods, Elizabeth, 111 - 

2. 647 

2. 614 

58. 21 

51.52 

12.99 

Foley's Woods, Pms, I11--_,.J.. ...1 

2. 577 

2. 566 

60. 52 

44.94 

34. 67 

Rhymer Woods, Dongola, 111..... 

2. 616 

2.678 

62. 12 

50.42 

23.21 

Turkey Run, Marshall, Ind., No. I.... 

2. 620 

2. 619 

68. 08 

48.42 

19.95 

Turkey Run, Marshall, Ind., No. 2... 

2.636 

2. 619 

57. 73 

48.42 

19.23 

Diiion W oods, Porter, Ind. .... „ _ . 

2.626 

2.609 

58. 54 

54. 16 

8-11 


2.615 

2.703 

66.88 

62.26 

■■'8.84 

Lewis" W oods, Williamsburg, Ind . 

2.699 

2. 626 

66. 44 

66.60 

17.69 

Brownfield Woods, tJrbana, 111. ... 

2.606 

2.638 

58.96 

46.96 

25.63 

Fricke Woods, Jonesboro, 

2. 649 

2. 706 

63. 87 

60. 83 

26.65 

Reynolds Woods, Coruna, Ind.-..-. i 

2.608 

2.642 

54.60 

47.29 

15.46 

Ellsworth Woods, Ellsworth, 111.. ...... 

2. 632 

2.642 

63.27 

61.92 

2.60 

Liepold WoodwS, Mount Carmel, IlL.-~~ 

2. 626 

2. 644 

59.63 

' 52.87 

13.86 

Warren Woods, Three Oaks, Mich - 

2.596 

2.671 

.'■6,7.'23’ 

^ 63.96' 

6.06 
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Table 2 shows the percentage of capillary water, the percentage of 
hygroscopic water, apparent specific gravity, real specific gnivity, 
and percentage of pore space in forest and field soils, together with the 
percentage of excess pore space in forest over corresponding field 
soils. 

Dry weights of field soils were calculated by multiplying the a\'enig(>. 
of 10 field weights on each site by the moisture percentage determined 
on the 500-g sample taken for that site. The fiOO-g samiiles were air- 
4a'ied and the capillary water calculated on the air-dry basis. The 
air-dry soil was oven-dried and the hygroscopic moisture d(d.ermined 
on the oven-dry basis. Real specific gravity was detcrniined by tlie 
usual pycnometer method. The volume of the core ot soil in each 
case was 744 cmh Apparent specific gravity was determined by 
dividing the air-dry soil weight by 744. 

Averages of rearspecific gravities for forest and field soils indicated 
only very slight differences — 2.613 ±0.0032 (standard deviation, 
0.020) for forest soils and 2.623 ± 0.007 (standard deviation, 0.044) 



WEIOMT or SOIL (SRAMS) 


Figure ^.—Distribution of 405 samples ({>-9.25-inch soil section) of old-growtli forest and fuljaetmt 

field soil 

for field soils. The similarity of these figures eliminates serious (|ues- 
tion as to the possibility of the difference in forest and field soils 
being caused by difference in the actual weight of the. soil material. 

When the weights of the constant volume (744 cm'') of soil are 
assembled into groups varying from 701 g to 1,350 g by class intervals 
of 50, as 701 to_750, 751 to 800, etc., a distinct diff ('rencc in range of 
weights is exhibited in forest and field soils. This is shown in Figuri', 3. 

The question naturally arises, to what depth doc's the: increased 
porosity of forest soils extend? Does the difference occur only at tin*, 
immediate surface or is it distributed throughout the entire O-incih 
pofile? This point is significant in the survival of tree seedlings, 
because if the mcreased porosity extends to any considerable depth, 
seedling roots will be able to penetrate much easier and the per- 
centage of survival wUl be greater. The much mooted question as to 
difference in water-holding capacities of forested and cultivated areas 
WGuid be clarmed by knowledge of the extent of looseness below the 
siimce. ■ 

To settle this question, specifi()-gravity tests were ma.dc thci follow- 

mg year m each of three snccessiye 3-inch soil sections in woods and 
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field on similar old-growth sites/ (Table 3.) By driving the 12 %- 
inch tube into the soil until lengths of 9, 6, and 3 inches remained 
above the soil surface, columns were obtained of 3.25, 6.25, and 9.25 
inches, respectively. The second 3-inch column weight was obtained 
by subtracting the average weight for the 3.25-inch column in succes- 
sion from each 6.25-inch column weight. Likewise, the weights of 
the third 3-inch column were obtained by subtracting the average 
weight of the 6.25-inch column from the 9.25-inch column weights. 
By this procedure, the weights obtained were for successive columi^ 
of 3.25, 3, and 3 inches. 


Table Average weights (grams) of constant soil volumes, on air-dry basis, at 
three different depths in various old-growth forest areas and in adjacent open 
fields « 


Forest; soil location 

Open areas 

0-3.25 inch depth 

3.25-6.25 inch depth 

6.25-9.25 iiieh 
depth 

Forest 

Field 

F'orest 

Field 

Forest 

Field 

Morton Woods, Gallipolis, 


251. 

5 

397. 

1 

316. 

8 

316. 

7 

307. 

3 

371. 

7 

Ohio. 














Carnahan Wood.s, Oak wood, 
Ohio. 

Pasture 

191, 

3 

* 339. 

1 

282. 

5 

364. 

6 

276. 

3 

240. 

9 

Reynolds Woods, Coruna, IncL. 


251. 

3 

372. 

8 

251. 

3 

345. 

5 

417. 

6 

' 337. 

4 

Bent Tree Woods, Elizabeth, 


287. 

8 

364. 

1 

264. 

6 

286. 

4 

298. 

0 

352. 

1 

111. 














Slierman Orooms Woods, West 

1 

( 296. 

6 

386. 

9 

309. 

9 

292, 

9 





Union, Ohio. 

[Meadow 













Beech-maple Woods, Turkey 
Run, Ind. 

Ferris Woods, Fort Ancient, 

1 

1 241. 

6 

382. 

4 

227. 

2 

373. 

0 

421. 

1 

^240. 

0 

] 

1 309. 

6 

382. 

1 

300. 

0 

272. 

0 

344. 

3 

360. 

8 

Ohio. 

[Cornfield 

\ 












Dale Robinson Woods, Bethel, 

1 

{ 300. 

0 

385. 

4 

335. 

6 

324. 

9 

325. 

6 

331. 

4 

Ohio. 














Snyder Woods, Forest ville, 


241. 

6 

381. 

1 

339. 

7 

367. 

7 

274. 

0 

303. 

1 

Ohio. 







1 







Houston Woods, Oxford, Ohio., 


340. 

9 

398. 

5 

319. 

4 

318. 

5 

270. 

0 

362. 

5 

Pixies Park Woods, Dixon, III... 
Brownfield Woods, IJrbana, 111. 

Wheat field- 

244. 

4 

369. 

1 

273. 

0 

309. 

0 

452. 

2 

416. 

4 


255. 

2 

400. 

2 

285. 

0 

381. 

6 

394. 

3 

350. 

4 

Rhymer Woods, Dongola, IIL-. 


226. 

8 

373. 

2 

238. 

6 

308. 

3 

393. 

1 

406. 

7 

Dlllon Woods, Porter, Ind... 


225. 

8 

347. 

2 

297, 

,9 

296. 

8 

404. 

2 

369. 

,6 

Myers Woods, Oldenburg, Ind.. 


268, 

9 

348. 

9 

*359, 

,9 

392. 

0 

327, 

,2 

303, 

,0 

Real or weighted average 
Standard <leviution '■ ' 


2a2±2. 11 

49. 75 

375d=1.0 
29. 36 

293±2. 0 
63. 59 

329±2. 0 
47.5 

350 

345 




» Soil volunios were 241.3 at middle and lowest depths and 261.4 cni'* at first horizon. Values are 
averages of U) dctermiiiatious unless otherwise stated. 

Average 5 tlete'rminations. 

« Based on all (leterininations. 

The average weights of samples of the surface 3.25 inches were 262 
g for forest-soil and 375 g for field-soil samples. This is a difference of 
1 1 u g or 43 . 1 3 per cent ; in other words, the first 3 .25 inches of an average 
held-soil area is on an average, 43.13 per cent heavier tha,n the first 
3.25 inches of an adjacent old-growth forest soU. This difference is 
based on the mineral soil below the litter and duff accumulation. 
Similarly, the average weight of the 3.25-6.25 inch soil section is 
12.29 per cent greater for the field than for the woods soU. Figures 
4 and 5 show the range and distribution of weights of the two lower 
soil sections. In the lowest section the difference is negligible, and 


i The origmai soil weights of the first year’s work are given on a field- weight basis, whereas the weights 
of the second year’s work were on an air-dry basis. This will not alter the comparati ve relationship between 
forest and field soils, but should be taken into consideration if the actual weights of the first year’s work are 
compared with those obtained the second year. 
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therefore no attempt was made to show graphically the distribution of 
■weight classes. 

From the foregoing comparisons it may be seen that the greatest 
difference in porosity between old-growth woods soil and cultivated 
soil is in the first 6-inches. But although the lower section shows no 
difference by apparent specific gravity measurements, water-absorp- 



Figure 4 —Distribution of 300 samples (0-3.25 inch soil section) of old-growth forest and adjacent field 

soils, by weight classes 


tion experiments show that the lower section at a depth of 8 inches 
absorbs water much more rapidly in woods than in field soil. 

WATER ABSORPTION IN OLD-GROWTH FOREST SOILS 

As a corollary to the measurements of apparent specific gravity, a 
series of absorption tests were made on vii'gin forest-soil areas and 
adjacent fields. Five brass tubes 2 by 12 inches were used. The 
tubes were sharpened on one end and forced into the soil to a con- 



Figure 5. Distribution of 300 samples (3,25-6.25 inch soil section) of old-growth forest and adjacent 
field soils, by weight classes 


stant depth of 3 cm. This depth proved sufficient to insure that the 
water would not flow up around the end. 

; Absorption was measured at three different depths; 1, 3, and 8 
inches. In the &st depth, the litter or dufi:‘ layer was removed. In 
the second or 3-inch depth, a trench 2 inches deep was dug btdore the 
tubes were driven in. In the lower depth, a trench 7 inches deep was 
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diig. This procedure placed the bottoms of the brass tubes 1, 3, and 
8 inches below the soil surface. 

The three tubes were kept filled to the top by means of five gradu- 
ated cylinders each containing 800 cm^ At the end of 10 minutes the 
water remaining in each graduate was measured. This volume in 
each case added to the known constant volume of the corresponding 
brass tube, less the volume of the small column of soil at the bottom 
of the brass kibe, and subtracted from 800, gave the amount absorbed. 
In the case of very rapid absorption, a smaller unit of time was use^ 
and in the case of very slow absorption, the small amount of water 
was determined by measming the level to which the water sank during 
the time interval, and by claculating its volume from the known 
diameter of the brass tube. 


Table 4:.-— Rates of water absorption in old-growth and opeji- field soils, in cubic 
centimeters per minute, at 1-inch, S-inch, and 8-inch depths “ 


Forest soil location 

Open area 

l-inch depth 

3-inch depth 

S-inch depth 

Forest 

Field 

Forest 

Field 

Forest 

Field 



Cc 

Cc 

Cc 

Cc 

Cc 

i Cc 

Morton Woods, GalHpolis, Ohio.. 


■ 166.8 

0.8 

6.0 

1.2 

1 

1 

Houston Woods, Oxford, Ohio 

T> 1 

11.0 

1.2 

1.2 

1.4 

2.4 

6.2 

Reynolds Woods, Goruha, Ind 


89.6 

6.0 

18.4 

12.6 

8.6 

5.8 

Bent Tree Woods, Elizabeth, IlL 


370.6 

3.4 

1 10. 6 

3.0 

1.4 

5,8 

Sherman Grooms Woods, West Union, 


187.8 

2.0 

11.0 

9.0 

2.0 

1.2 

Ohio. 








Perris Woods, Fort Ancient, Ohio 


12.0 

1.2 

4.0 

1.4 

.8 

2.2 

State Sanitarium Woods, Mount Ver- 


60.2 

5.2 

21. 8 

2.4 

12.2 

3.2 

non, Ohio. 








Poplar Cove Woods, Haverhill, Oliio-- 


. 144.0 

3.6 

10.8 

4.6 

1.2 

2.0 

.Dale Robinson Woods, Bethel, Ohio-.. 


105. 6 

.6 

8.0 

5. 6 

1.4 

.4 

Snyder Woods, Forestville, Ohio 


425. 8 

4.0 

6.0 

3.4 

3.8 

7.4 

Pines l»ark, .Dixon, 111 


822.4 

4.6 

24.2 

2.4 

5.6 

3.0 

Brownfield Woods, ITrbana, 111 


175. 4 

4.6 

139.8 

3.0 

4.8 

2.4 

Rhymer Woods, Dongola, I1L.> 

f w neat stu b ble , . 

282. 8 

1.8 

446.2 

5.8 

15, 0 

2.4 

Dillon Woods, Porter, Ind 


423.8 

5,8 

236. 0 

■4.8 

5.6 

4.4 

Myers Woods, Oldenburg, Ind,-.....-- 


176.6 

2.6 

92.8 

-5 7.6 

2,2 

.6 

Daniel Mosier Woods, Spellacy, Ohio _ 


127.6 

11.0 



27.6 

7.8 

Beech-maple Woods, Turkey Run, 


■ 194. 8 

9.8 

113. 8 

9.2 

14.4 

9.4 

Marshall, Ind. 








Kelfer Woods, Mifflin, Ohio. . - 

>Meadow_ 

84.6 

4. 6 



60. 2 

3.4 

Chas, Armstrong Woods, Loudon- 


32.6 

3.8 



15.0 

6.4 

ville, Ohio. 

1 







A verage (rounded) , > 


205 

4 

72 

5 

9 

4 


« Each figure represents the average of 5 determinations. 


Table 4 shows the average absorption per minute at the three 
depths in woods and field. The ratios of water absorption per minute 
at the 1, 3, and 8 inch depths in forest and field were 205 to 4, 72 to 5, 
and 9 to 4, respectively. 

This method of measuring absorption rates must be considered only 
relative. Rainfall water penetrates only vertically downward, the 
water of adjacent areas prevents the horizontal movement possible 
from the tubes. Horizontal absorption is, however, roughly pro- 
portional to porosity; consequently, on a comparative basis, the pro- 
cedure is justifiable. The relative rates of absorption in forest and field 
strengthen the conclusion drawn from, the apparent specific gravity 
measurements, namely, that forest soils are more porous than field 
soils. (Fig. 4.) 

On 36 second-growth areas in Ohio, representing nearly all major 
soil areas of the State, 718 specific-gravity tests were made in the 
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0-9.25 inch horizon. (Table 5.) The average weight of 744 cal'* of 
dry soil was, for the second-growth woods, 873 g and for the adjacent 
field soil 1,023 g. Figure 6 shows the distribution of weight classes 
as between the forest and open soils. The significant fact about 
this comparison is that the second-growth woods soil is much more 
porous than the corresponding field soil. Apparently any deleterious 
effect of the cutting on soil tilth has been remedied by the closing in 
of the crowns and the prompt reestablishment of a litter cover, 
w 

Table 5. — Average weights of constant soil volumes (744- cnfi) to a de/pih, of 9.25 
inches of tmgrazed second-growth forest areas and adjacent open fields or heavily 
grazed woods ^ in Ohio 


Forest-soil location 

Ungrazed 

forest 

soil 

Open or grazed area 

Soil sample 

Devseription 

Richniondale - 

Grams 
935. 1 

Grams 

1, 062. 2 
1,002.2 


Athens-- 

b 947, 1 

•Abandoned field. 

Idaho - 

880.7 

L016.6 

Indian Springs . . 

850. 5 

1,015.3 


Bentonville-- 

881.6 

i;033.2 

1, 050. 5 

1, 044. 7 


Russellville 

945.4 


Meeker 

817. 2 


Brighton 

1,003.4 

i; 128. 2 

’Meadow. 

Mutual - 

i; 000. 4 
971.5 

i; 159. 5 

1, 032. 3 

Coliimbus..^ - 


Johnsville .. - 

872.9 

1, 039. 3 
936.4 


Vermilion - 

739.8 


W est Union - 

944.5 

947. 0 


Bethel - 

898. 1 

1, 092. 1 


Batavia 

928. 4 

LOOS. 5 

1, 045. 7 

1, 067. 4 

L 108. 2 

1, 164. 2 

1, 043. 1 
999. 1 


Montgomery 

836.5 


Circle ville 

833.4 


Do - - 

935. 2 


Marion 

918. 7 

^Pasture. 

Mansfield 

769.7 

Mount Vernon 

824. 3 


Sunbury 

895. 1 

975.2 


Marysville 

910.8 

998.5 


Alta - - 

766.2 

1,024.9 

1, 134. 7 
993.6 


Clyde 

885. 0 


Bueyrus 

803.0 

jlleavily grazed woods. 

Marengo 

853. 9 

996. 8 

Clarksville - 

931.3 

950^6 


Marion ^ . 

832. 2 

946. 5 


Uppier Sandusky 

837. 9 

969. 1 


Marion _ — 

906. 6 

993. 9 

Typical examines of grtized arul 
> imgrazed woods.'’ 

Gabon. 

679.7 

837. 8 

Mansfield - 

827.1 

1,038.7 
915. 1 

Lexington.,.. 

874. 6 


Mount Gilead . . . - 

882. 7 

1,043.1 

L 030. 5 


Mount Vernon 

810. 8 




Real or weighted average 

873±2. 5 

L 023±2. 4 
81. 1 


Standard deviation *^-.1 

97.9 





“ Averages of 10 determinations unless otherwise noted, 

** Average of 9 determinations. 

« Average of 9 typical examples, ungrazed woods, 843±4.9 g (S. D. 68.7), grazed woods, 969±4.5 (S. I). 63.0) . 

« Based on all determinations. 

Where grazing has been practiced, soil porosity has been much 
reduced. _ Apparently conservative cutting in this region preserves 
sod porosity. Even where cutting has been severe, the reestablishing 
of a litter cover has prevented excessive soil deterioration. This fact 
is at once apparent when a comparison is made between the differences 
in weights of old-growth forest soil and adjacent field soils, and the 
differences between second-growth woods soil and adjacent field soil. 
They are 144 and 150 g, respectively, for the 9.25-inch column 2% 
inches in diameter. This demonstrates that soil porosity is nuun- 
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tained in second-growth woods soil. This general conclusion is 
strengthened when it is appreciated that the sites were selected at 
random and represented oak-hickory, beech-maple, pure beech, pure 
oak, mixed mesophytic, and elm-ash-ma;ple forest types. The soils 
of the various sites represented glaciated and unglaciated areas, lime- 
stone and sandstone understrata, Wisconsin and Illinoian glaciation, 
flat and rolling topography, well drained and poorly drained sites. 
The second-growth woods in every case showed a lighter soil than did 
the field areas adjacent. The second-growth woods were of all agss 
from 10 to 70 years. Cutting had been severe in many instances, but 
in practically all cases the crown cover had filled in the vacant spaces. 



Figure 6, -“Distribution of 718 samples (0-9.25 incb soil section) of second-growth forest and adjacent 

field soils, by weight classes 

SOIL POROSITY OF GRAZED AND UNGRAZED WOODS 

From the list of second-growth sites, nine were selected as typical of 
grazed and xmgrazed woods. The grazed woods were in the last stages 
of forest degradation — that is, there were only a few old trees, no 
reproduction, and a ground cover of weeds, grass, and sod. Table 5 
gives the weights of the 0-9.25 inch soil section, Figure 7 presents a 
comparison of grazed and ungrazed areas, as shown in the distribution 
of weight classes. The average weight of the 744 cm^ core of soil on 
the basis of 180 samples of air-dry sou was 843 g for the ungrazed, and 
969 g for the grazed areas, a difference of 126 g. This, interpreted 
in percentages, means that a grazed woods soil in the 0-9. 2 5 inch 
section is 15 per cent heavier than the corresponding soil section in an 
adjacent ungrazed area. Excessive grazing not only prevents tree 
reproduction but also makes forest exhaustion inevitable through 
compaction of the soil. The grazed soil is harder, holds less moisture, 
has poorer aeration, and its general tilth is much deteriorated. 
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SOIL POROSITY IN FOREST PLANTATIONS AND OPEN FIELDS 

The final angle of the soil porosity .question deals with forest plan- 
tation sites. Does soil porosity return to old fields after planting? 
T hir teen plantations were measured for soil porosity and compared to 



Figure 7.~-Distribiition of 180 samples (0-9,25 inch soil section) of grazed and nngrazed wood-l()t» 

soils, by weight classes , 


adjacent field sites. (Table 6.) The difference in average weight of 
744 cm^ cores of forest plantation soil and field soil was 128 £ or a 
13.6 per cent greater weight for field soil than for adjacent plantation 
soil. Figure 8 shows the distribution of weight classes. The lighter 



Figure 8.— Distribution of 259 samples of plantation and adjacent field soils, by weight classes 


average for plantation soil represents a gain in porosity since planting. 
Field observations show that as soon as a litter is established under a 
stapd the soil becomes more porous. The observation was made that 
the soil of conifer plantations gained more in porosity in a given time 
than did that of the hardwoods/ 
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Table 6. — Average weights » of constant volumes of soil (744 cm?) to a depth of 9.25 
inches in forest plantations and adjacent open fields 


Location 

Plantation 

Open area ’ 

Species** 

Age 

Soil sam- 
ple 

Description 

Soil sample 

Fremo 11 1. , 0 hio - — 

W ooster , Ohio...- 

Hard v catalpa- . _ _ 
Scotch pine and 

Norway spruce 

Northern white pine 
Norway spruce 

1 

Years 

29 

19 

20 

14 

15 
18 

15 

12 

12 

42 

69 

23 

17 

Grams 

1,006.0 

927.4 
950. 8 

937.7 

993. 1 

926.7 

792. 2 

980. 3 
1,065.5 1 

834. 3 1 

982.3 

972.7 

886.3 

Pasture 

do 

do 

Grams 

1, 084. 5 

1, 081. 4 
1,081.4 
1, 081. 4 
1, 081. 4 

1.081.4 

929.4 
1,033.9 
1, 093. 5 

1. 134. 4 

1. 134, 4 
« LOSS. 4 

1. 021. 4 

Colebrook, Ohio 

Athens, Ohio 

Urbana, TIL 

Athens, Ohio.-. 

Marietta, Ohio - 

Beech-'...'. 

Norway pine and 
, Norway spruce. 

do 

/Norway pine 

1 Corsican pine - 

/Bur oak— 

\ European larch 

Northern -white pine 
Norway pine 

do—. 

do 

Abandoned field 

Cornfield 

do 

do 

do 

Sod 

. do .. . 

Real or weighted average- 
standard deviation 




943±5. 1 
85.64 

L07li4.2 

70.97 


— 







« Averages of 10 determinations unless otherwise noted. 

b Botanical names of species are as follows: Hardy catalpa (Catalpa speciosa Ward); Scotch pine (Pinus 
sylvestris L.); Norway pine (P. resinosa Sol.); northern white pine (P. strobiis L.); Corsican pine (P. nigra 
•v&r. pair etiana Asch. and Graebn.); Norway spruce (Picea abies Karst.); European larch (Larix decidua 
Mill.); beech (Fagus grandifolia Ehrh.); bur oak (Quercus macrocarpa Mich,), 
c A verage of 9 deterinination.s. 

WATER ABSORPTION IN FOREST-PLANTATION SOIL 

Water absorption tests in plantation and adjacent field soils 
deinonstrated that plantation soils have a much greater absorption 
capacity. (Table 7.) The average for the plantation sites at the 
1-inch depth was 107 cc per minute and for the field site at 1-inch 
depth, 8 cc. At the 8-inch depth, the averages were 13 and 3 cc per 
minute for the plantation and field sites respectively. These differ- 
ences in absorption capacity justify the weight differences recorded 
and show a gain in soil porosity for the plantation since planting. 


Table 7, — Average rate of water absorption in cubic centimeters per minute in 
forest plantation and adjacent field soil ® 


Location 


Wooster, Ohio- ------ 

Colebrook, Ohio 

Athens, Ohio ^ 

TJrbana, 111---— 
Athens, Ohio.-— -- 

Marietta, Ohio-,—-. 
Average (rounded) 


Plantation 


Species ^ 


'Scotch pine and 
, Norway spruce. 

1 Northern white 
pine. 

[Beech - — -- 

Norway pine and 
i Norway spruce. 

I Norway s:pruce— . 

/Norway pine 

lOorsican pine--.-- 
f European larch - - - 
tBuroak-—--—— 
Northern white 
pine. 

Norway pine 


Open area 


Age 

Soil sample 

Description 

Soil sample 

1-inch 

depth 

8-inch 

depth 

Linch 

depth 

8-inch 

depth 

Years 

Cc 

Cc 


Cc 

Cc":- 

19 

32.6 

4.6 

Pasture--— 

5.2 

4.2 

20 

21.0 

14.6 

do----—---— 

6,2 

'■'■4.2, 

16 

81.4 

3.2 

do--- - 

6.2 

4.2 

18 

69.8 

3,4 

-—do--— 

6.2 

..■■■.■' ,.■.4.2 

15 

367.4 

1.0 

Abandoned field-- 

44.8 

6.0 

12 

8.6 

2.4 

Oornfield---,.-.-.^ 

,, 4.4 

. 1.2 

12 

6.6 

6.2 

do---——-—' 

4,4 

2.8 

59 

621.8 

69.8 

-do,---— ------ 

4. 6 

2.4 

42 

42.4 

30.4 

do---------.-- 

4.6 

2.4 

23 

13.8 

2,6 ^ 

Sod^--— — — 

3.6 

2.8 

17 

7.8 

1.2 

do--- 

2.0,' 

1.6 


197 

13 



3 




« Each value is the average of 6 determinations. 
b For botanical names, see Table 6, footnote b. 
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FUNCTIONS OP FOREST LITTER 

The problem of forest soils is inseparably connected with forest 
litter, and the proper prodnction and retention of adequate quantities 
and kinds of forest litter is inseparably connected with good silvi- 
cultural practice. This relationship of litter to good forestry methods 
may be appreciated better when the many functions of litter are 
considered. The accumulation of litter depends upon three major 
factors; Moisture, temperature, and ease of decomposition. Given a 
'high average temperature and a sufficient supply of moisture, leaf litter 
decomposes very rapidly. In the Tropics, for instance, leaf litter does 
not accumulate to any great extent because of the high average 
temperature and high humidity. Indeed, the oxidation is so rapid 
that not only does the leaf litter disappear, but the soil itself is oxi- 
dized to a considerable depth, a condition which gives rise to the so- 
called laterite or red sod. In the Temperate Zone the accumulation of 
leaf litter is more rapid and in the sub-Arctic Zone the accumulation 
of litter becomes so great that it may actually be a deterrent to tree 
growth. It locks up the plant food in the rather tight layer of raw 
vegetative material, the rate of decay of which is not rapid enough to 
return plant food to the soil. 

In the Central States region the accunmlation of litter small 
compared with that in the northern spruce belt. In fact, it is seldom 
more than 1 inch deep. The leaf fall decomposes rapidly and adds its 
fertility to the soil. The forest litter is, however, of great importance 
in this region even though it does not accumulate to a great depth. 
It serves as an absorbent, acts as a mulch or insulation against rapid 
evaporation, prevents compaction of surface soil by impact of rain, 
decomposes and furnishes plant food, and serves as a medium for 
microbiological activities. 

Structure of forest soil has been developed through long periods of 
time. Root penetration, expansion, and contraction, with changes in 
temperature and moisture content, and activities of worms, insects, 
and animals, make soil porous. The forest with its protective soil cover 
of leaf litter and its deep root system is a builder and preserver of soil 
porosity. The penetration of roots and their eventual decay leave the 
soil interpenetrated with tubelike cavities. (Ehg. 9.) 

The process of cropping, on the other hand, ultimately decreases 
soil porosity and favors erosion. For example, the increased porosity 
brought a,bout by freezing and thawinv is preserved in forest soils by 
the covering of litter, but in field soils it is largely lost in summer by 
impact of rain and silting and alluviating action oi percolating waters. 
When the Central States region was settled originally, both good 
and poor lands were cleared and cultivated. The accumulation of 
organic matter in the form of incorporated and unincorporated forest 
litter afforded a temporary supply of plant food, and even the poorer, 
shallow soils produced well for a generation. Then this supply be- 
came exhausted and the land ceased to pay a reasonable return for its 
cultivation. As the organic matter oiidized and plant food leached 
away, the soil became increasingly unproductive. The impoverish- 
ment under agricultural use of originally fertile forest soil became a 
ma] or factor in the growth of land abandonment. 

The folloydng in quoted (8, p. Jf) from a report of a recent economic 
survey of Vmton County, Ohio: 
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There are 263,680 acres of land in the county. In 1880 the area of land in 
farms was 230,000 acres; by 1010, this had declined to 216,000 acres, and by 1930, 
to 152,000 acres, or 58.8 per cent of the total land area. In 1930 the area of 
improved land in the county was less than one-half that in 1900, and themumber 
of farms in the county has decreased from 2,089 in 1900 to L823 in 1910 and to 
1,075 in 1930. 

Siicli a record, needs no interpretation; it speaks deforestation^ 
abandonment, and erosion. 

DISCUSSION AND CONCLUSIONS 

Under virgin conditions an equilibrium has been reached — the kinds 
and quantities of litter added to the soil do not vary much from 
season to season and the rate of decomposition has reached a norm. 



Figure 9. -Old-growth forest soil, showing spongeliko appearance due to penetration and decay 

of roots 


The tree species best fitted to produce on the site have become estab- 
lished; theoretically, optimurn conditions exist for that site. Wien 
cutting is done, certain species are usually selected, and the litter 
equilibrium is thereby disturbed. More sunlight is admitted, the 
ground cover changes; but after a period of years the crown cover 
closes in and another equilibrium is established. 

The porosity of old-growth forest soil in the upper 9 inches is from 
10 to 20 per cent greater than that of adjacent cultivated soil. The 
difference may be as much as 30 per cent in certain areas. The 
difference is greatest in the first 3 inches, decreases in the second, and 
becomes small in the third 3 inches. The method used in this inves- 
tigation had a rather great limit of error, and although the ayerage 
weights of forest and field soil were found to be about the same in the 

. ^ 182157 — 38 — 4 ''' . 
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6.25- to 9.25-mcli liorizon, observation confirmed by absorption tests 
show that there is a difference in porosity even at a 9-inch depth. 
For example, forest soils at a depth of 8 inches absorbed, water more 
than twice as fast as did field soils at the same depth. 

Not only are old-growth forest soils porous, but rnaiiy of those 
examined in this study were also found to be platy in structure. 
(Fig. 10.) A platy soil has greater water-holding capacity tlian one 



Figure platy forest soil 


with no structure or with vertical cleavage. Water flows out into the 
honzontal cleavage planes and is thereby held in the soil in greater 
quantity than it would be if it were free to flow downward through 
cracjxs. 


of greater soE porosity in the forested areas are imme- 
diately apparent. _ Wien one considers that absoiption from tubes is 


over 50 times as fast in old 
cultivated fields at the same 


.. - - - - JiT -s., V, -W 

powth forest soil at 1-inch depth as in 
+ 1 , "j.- — ~j — — depth, the relative amounts of run-off in 

the respective sites ma,y be visualized. While it is true that there was 
hOTizontal absorotion in the case of the tubes, it must also be observed 
that even with horizontal absorption the amount of water taken up in 

^ wtoeas m tiie woods the water ran into the 

rapidity. From the standpoint of applying the data to 
actual rainfall, it is at once clear that there would usually be consid- 
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arable run-off from even a )^-inch precipitation in tbe field areas, 
wlicreas a forest soil would have no difficulty in absorbing such a rain. 
Even a sudden rain of an inch or more, which is unusual in this region, 
would ordinarily be absorbed in a dry forest soil. 

Virgin forests, except as a valuable means of interpreting optimum 
growth conditions, are of no concern in the Central States region. 
The virgin woods are gone; only second-growth and abandoned fields 
remain. One point is clearly established in respect to second-growth 
woods and that is the retention of soil porosity. Careful cutting aird 
consequent opening up of the stand does not destroy soil porosity, 
provided the forest cover is quickly reestablished. A comparison of 
the weights of soil columns from second-growth woods and fields with 
those from old-growth forests and fields proves this point. Where 
the litter has not been destroyed by fire or grazing, the second-growth 
woods soil retains its virgin porosity to a surprising degree. The 
crown cover, of course, closes in after cutting and the litter produced 
reaches an equilibrium again. 

The retention of soil porosity in second-growth woods emphasizes 
the prime importance of fire protection. Given proper protection 
and good silvicultural management in the way of selective cutting, 
practically all of the second-growth areas will retain their productive 
capaoity. , 

What has been said regarding fire protection applies with equal 
force to overgrazing. Grazing is very injuripus to soil structure. 
Compaction accompanies grazing and compaction means smaller 
water-holding capacity, poorer aeration, and general decrease in 
tilth and productivity. Trees become stag-headed where grazing is 
continued, litter largely disappears, sod forms, and the woods grow 
thin and finally disappear. Moderate cutting alone does not destroy 
soil porosity. The study of second-growth areas establishes the fact 
that soil porosity of old-growth areas is largely retained in second- 
growth woods provided grazing has not been practiced. 

A problem of great concern in this Central ^States region is that of 
abandoned land and soil erosion. Six and a half million acres of land 
are considered idle. Most of this area was once wooded; now its 
fertility is largely exhausted by cultivation and erosion. The rule in 
the past has been to plant on such lands the species which formerly 
grew there naturally or to trust to luck that the area would beconie 
reseeded, without realizing that the cleared and abandoned field soil 
might not be capable, in its condition of deterioration, of favoring the 
reestablishment of the original tree growth. Some difficulty has 
been experienced in getting hardwood plantations established on such 
lands; conifer plantations, especially of pine, are as a rule more suc- 
cessful. Hardwoods, with the exception of black locust, are not so 
able to survive extremes of temperature and moisture deficiency, such 
as often occur in worn-out soil. 

Conifers offer a means of bridging over the unfavorable period 
between abandonment and reforestation. On some lands planting 
is necessary to develop a cover. Before initiating a planting program, 
however, it is well to observe the condition of the soil. If the soil 
lacks structure, bakes badly, and is subject to severe drying in 
summer, hardwoods will probably fail. Many denuded areas will 
reseed eventually and regenerate naturally where there are seed trees. 
Such abandonee! areas gradually , seed in and establish a stand; then, 
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as a litter cover develops, the soil improves and severe extremes of 
temperature and moisture are obviated, paving the way for hard- 
woods. . Such a transition is, however, often very slow. 

In brief, from the results obtained in the studies here detailed, 
the following conclusions may be drawn: 

Forest soil is much more porous than field soil. 

Forest soil porosity is greatest in the upper 6 inches. 

Porosity differences in forest soil and field soil are caused more by 
stril structure than by organic matter content, as shown by real 
specific gravity measurements. 

Forest soil absorbs water much rnore rapidly than does field soil. 
Water absorption is most rapid in foi'est soil at 1-inch depth and 
gradually decreases downward. 

Ability of bare soil to absorb water is less at the surface than at 
3-mch depth. A crust forms on the surface from impact of rain. 

Where the forest cover is adequately maintained, second-growth 
forest soil does not lose its porosity unless grazing has been practiced 
to excess or the litter has been destroyed by fire. 

Forest soil shows great loss of porosity when overgrazed.^ 
Plantations on cultivated fields regain a large degree of soil porosity 
in 20 to 25 years as evidenced by soil weight and ability to absorb 
water. 
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INHERITANCE OP FUSARIUM RESISTANCE IN BRUSSELS 
SPROUTS AND KOHLRABI ‘ 

By L. M. Blank, Assistant Pathologist j Division of Horticultural Cro’ps and Dis- 
eases, Bureau of Plant Industry, United States Department of Agriculture, and 
J, C. Walker, Professor of Plant Pathology, University of Wisconsin, and 
Agent, Division of Horticultural Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

The inlieritaixce of resistance in both wild and cultivated cabbage 
{Bmssica oleracea L. and B. oleracea capitata L.) to the yellows disease 
caused by Fusarium conglutinans WoU. was found by Walker ^ to be 
based upon a single dominant Mendelian factor. Moreover, it has 
been pointed out by Walker and Wellman ^ that the subspecies of 
oleracea other than cabbage are also susceptible to the yellows organ- 
ism and that considerable differences in percentages of susceptible 
individuals are found among the commercial varieties of any one of 
the subspecies. The present paper is the report of a study of the inher- 
itance of resistance to yellows in two of the subspecies of B, oleracea, 
namely, Brussels sprouts (jB. oleracea gemmifera DC.) and kohlrabi 
(i?. oleracea caulo-rapa DC.)* 


METHODS 

The methods employed in this study were similar to those reported 
in the studies on cabba^e.^ Initial selections of resistant material 
were made from commercial varieties of Brussels sprouts and kohlrabi 
which had been grown on soil heavily infested with yellows. The 
selected material was brought to flower in the greenhouse, where con- 
trolled pollination was practiced. 

Field trials were conducted in Kenosha County, Wis., on soil which 
was known to be thoroughly infested with the yellows organism. 
Seed was planted in seed beds and the resulting seedlings were trans- 
planted to the trial plot. As symptoms of the disease appeared, with 
the advent of favorable soil temperatures, the diseased plants were 
permanently marked by means of bamboo stakes. Greenhouse trials 
of many of the plant progenies were conducted under controlled con- 
ditions of soil temperature in soil into which the yellows organism had 
been previously introduced. In the results as presented no distinc- 
tion has been made in regard to the severity of the infection. Plants 
classified as diseased include those that showed any degree of yellows 
infection, ranging from symptoms so slight as to permit eventual 
recovery to those so severe as to cause the death of the plant. The 
delayed attack of the organism or its mild pathogenicity in some 
plants as contrasted with very severe forms of the disease in other 

1 Received for publication Nov. 22, 1932; issued July 1933. Cooperative investigations between the 

Division of Horticultural Crops and Diseases, Bureau of Plant Industry, 0. 8. Department of Agriculture, 
and the Department of Plant Patbology, University of Wisconsin. . , ^ _ 

2 Walker, J. 0, inheeixanoe of fusarium resistance in cabbage. Jour. Agr. Besearcb 40: 721-746, 
illus. 1930. 

3 and Wellman, P. D. a survey of the resistance of subspecies of brassica oleracea to 
YELLOWS (FUSARIUM GONGLUTiNANs) . JouT. Agr. Researeli 37: 233-241, illus. 1928. 

< Walker, J. 0. Op, cit. (See footnote 2.) 
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plants, can not be fully explained. As stated elsewhere, = these differ- 
ences may depend on ‘factors as yet unrecognized. 

EXPERIMENTAL RESULTS 

Commercial lots of Long Island Improved Brussels sprouts and 
White Vienna kohlraW were grown on the yellows plot for three suc- 
cessive years. The results given in Table 1 show that the percentage 
of resistant plants was much higher in each of these varieties than in a 
commercial susceptible cabbage variety _ grown for comparison. 
Selections of Brussels sprouts and kohlrabi were made from plants 
that remained free from the yellows disease throughout the season of 
1928. After the customary period in storage the plants were brought 
to the greenhouse and came to flower during the following winter. 
The data on inheritance of Fusarium resistance in each of the two 
subspecies will be considered separately. 

Table !.■ — Occurrence of yellows in field trials of connnercidl varieties of Brussels 
sprouts, kohlrabi, and cabbage 


Common name and variety 

Year 

Plants grown on yellows 

plot 

Total i 

Healtliy 

Diseased 



Number 

Number 

Number 

r cent 


{ 1928 

76 , 

67 

9 

12 

Brussels sprouts, Long Island Improved 

{ 1929 

40 * 

31 

9 

23 


1 1930 

104 

80 

24 

23 

Total - 


220 

178 

42 

19 


1 1928 

75 

46 

29 

39 

Kohlrabi, White Vienna 

{ 1929 

50 

40 

10 

20 


1 1930 

84 

71 

13 

15 

■ Total-,. 


209 

157 

52 

25 


f 1928 

549 

10 

539 

98 

Cabbage, Danish Ballhead 

\ 1929 

1, 095 

62 

1,033 

94 


1 1930 

1, 277 

62 

1, 225 

96 

Total - - 


2, 921 

124 

2, 797 

i 96 






INHERITANCE OF RESISTANCE IN BRUSSELS SPROUTS 

Of the Brussels sprouts plants selected in the field, three (BS -:{, 
BS-4, BS-6) were brought to flower in the greenhouse, and progenies 
from self-pollination were tested in the fleld and in the greenhouse in 
1929. The results show (Table 2) that plant BS-3 was homozygous 
for resistance, whereas the progenies from BS-4 and BS-0 segregated 
into resistant and susceptible classes in a ratio approximating 3 
resistant to 1 susceptible. These data indicate that resistance was 
inherited in a manner similar to that noted for cabbage.® 


« WAI.KEE, J. C. Op. cit. (Spe footnote 2.) 
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Table 2, — Occurrence of yellows in progenies from self-pollination of three resistant 
Brussels sprouts plants selected from a commercial strain of Long Island Improved 
variety j 1929 


Genotype class 

Progeny 

Tested in— 

' Number of plants 

i ■ . _ 

Deviation 

Probable 

Dev. 

No. 

Healthy 

Diseased 

error 

P. E. 

pp 


fField— 

21 

0 

0 





\Greenhouse 

33 

0 

0 








Total- 



54 

0 

0 









JbS-4s— 

fField- 

12 

5 

.76 

±1. 20 

0.62 

Rr 

1 Greenhouse 

13 

3 

1.00 

rtl. 17 

.85 


|bS--6S-- 

fField 

9 

3 

0 

±1.01 

0 


\ Greenhouse 

13 

14 

7. 25 

±1, 52 

4. 77 




Total 



47 

25 

7. 00 

±2.48 

2.82 

Calculated 



54 

18 

(3:1). 







Plants BS-3 and BS~4 were also crossed with a plant (C-131) from 
a line of Copenhagen Market cabbage which had previously been 
found to be homozygous for susceptibility. As a test of susceptibility, 
seed from self-pollination of plant C~131 was planted in the yellows 
plot. Of the 20 plants tested, all succumbed to yellows. The results 
of trials in 1929 with crosses between Brussels sprouts and cabbage 
are given in Table 3. That BS“3 was a homozygous resistant plant 
was confirmed by the fact that the hybrid progeny was completely 
resistant. On the other hand, the hybrid progeny from the supposedly 
heterozygous plant (BS-4) segregated in a ratio approximating 1 
resistant to 1 susceptible. 

Table 3. — Occurrence of yellows in hybrid progenies from crosses between a homo- 
zygous susceptible cabbage plant (C-131) and two resistant Brussels sprouts plants^ 
one (BBS) homozygous for resistance, the other (BB~4) heterozygous for resistance, 
1929 


Cross 

Tested in— 

Number of plants 

Deviation 

Probable 

error 

Dev. 

P, E. 

Healthy 

Diseased 

BS-3 X C-131 


21 

26 

0 

0 

0 

0 






Total- . 




46 

0 

.. 0 



BS-4 X C-131„. ^ 

(Field 



14 

9 

16 

21 

. 50 
6. 00 

±1.82 

±1.86 

0. 27 
^ 3. 24 

(.Greenhouse 

Total- - -- -- 


23 

29.5 

36 

29.5 

i 

6. 60 

■±2.59 

■2.51 

cpirMiiaied (1 * 0 








From the field trials of the Fi hybrids in 1929, material was saved 
from BS"~3 X C-131 {BB X rr) and brought into the greenhouse. 
These plants, all of which were expected to be heterozygous (Sr) for 
resistance, were given numbers (BC-2, BC-3, etc.). Self-pollination 
was practiced on these plants, as well as emasculation and back Grossmg 
with plants from a homozygous susceptible cabbage line ^ of Smith 
Pride variety (SP-5 and SP-9). Table 4 shows the reaction to the 
yellows organism, in the field and in the greenhouse, of the Fs progenies 
resulting from self-pollination of the Fi hybrid plants, In the field 



1018 


Journal of Agricultural Research 


Vol. 46, No. 11 


trials segregation was very close to the expected ratio of 3 resistant to 1 
susceptible. In the greenhouse trials the number in the susceptible 
class was appreciably below that expected, probably because of the 
failure of the soil temperature to maintain a level sufficiently high 
for disease expression, as discussed in a paper by Walker and Smith.® 


Table 4. — Occurrence of yellows in progenies from a cross bet ween a homozygous 

resistant Brussels sprouts plant {BS~2) and a homozygous susceptMe cabbage 
plant {C-~l 21) 


Progeny No. 

Tested im— 

Number of plants 

Deviation 

Probable 

Dev. 

Healthy 

.Diseased 

error 

P. E. 


(Field 

59 

i 

14 

4. 25 

±2. 50 
±. 1. 85 

1. 70 

BO-2S - 



30 

10 

0 

0 


[Greenhouse -- -- 

176 

48 

8. (.)() 


1.83 

BG-4s- - 

/Field 

24 

11 

2. 25 

±1.73 
±1. 82 

1.30 

(Greenhouse - 

1 ‘7K 

. 06 



8 

1. 75 

BC-Ss - 

(Field 

26 

9 

16 

2 

.25 

±1.73 
±::J. 06 
±. 07 

. 14 

iGreenhouse 

Field - 

93 

9 

11. 25 
.75 

BC-6S 

3. 69 
.77 

BC-Ss. ■ - 

/Field 

27 

126 

8 

.75 

±■1. 73 

. 43 

(Greenhouse 

34 

6. 00 
1. 01) 


±3. 60 

1. 63 

BC-9S 

Field -- 

14 

24 

0 

±1. 31 

. 76 

0 

BC-lOs 

/Field- 

8 

0 

±1. 65 

(Greenhouse - _ . - 



±1. 17 

0 


12 

4 

0 

BC-lls - 

Field . 

5 

3 

1. 00 





1“ 

Total in .field 


218 

71 

1. 25 

±4.97 
±6. 84- 

1 ' .25 

3. 95 

Total in greenhouse 


438 

110 1 

27. 00 




Grand total 


656 

628 

IKl 

28. 25 

.±8. 45 

3. 34 

Calculated (3:1)- 


209 










* Test made in 1931; other tests were made in 1930. 


The progenies from back crosses between the Fj hybrid nlants and 
homozygous susceptible cabbage were also tested in the field and in 
the greenhouse. The field tests include trials made in 1930 and in 
1931. As indicated in Table 5, the number of diseased plants in the 
field trials was considerably smaller than the number expected. This 
discrepancy may be explained, partly at least, by the fact tha,t the 
seed bed in 1930 was inadvertently made on soil in which tlu' yellows 
organism was present. Consequently, part of the susceplib'h^ class 
was eliminated in the seed bed and fewer individuals of thal. class 
were transplanted and considered in the field trial. In vi(',w of t,his 
possible explanation for the unusually small number of individuids in 
the susceptible class, certain progenies (BC-3 X SP-5, 110 -4 X SP- 5, 
and BC-11 _X SP-9) were tested in the field the following year. Tlui 
segregation in the second field trial of these progenies was in gciu'.ral 
closer to the expected 1 to 1 ratio. In 1930 the three jirogenies 
showed 96 healthy and 46 diseased plants, whereas in 1931 the' same 
pogemes showed 147 healthy and 134 diseased. Moreover, in green- 
house tmls dumg the winter of 1930, as in 1931 field trials, the prog- 
enies segregated mto healthy and diseased classes in a ratio reasonably 
close to the ejected 1 to 1. The total of all trials shows a deviaffon 
winch mght be sigmficant were it not for the explanation already 
given,v m view of the normal behavior of these progenies in the green- 
house trial and m the second field trial, however, the large total devia- 
tion is not considered significant. 

TO YEUowa.’ BeSareh "Ki'AiiiiAtiE 
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Table 5.^ — -Occurrence of yellows in progenies resulting fi'om hack crosses between 
Fi hybrid plants (Rr) (from cross BS~3 (RR) X C-~131 (rr)) and plants of a 
homozygous susceptible cabbage line (SP), 1930 and 1931 




Number of plants | 


Probable 

error 

Dev. 

P. E. 

Cross 

Tested in — 

Healthy 

Diseased 

Deviation 

BC-2 X SP~ij,. 

fField.-™-,. 

48 

29 

9.50 

±2. 96 

3. 21 

1 Greenhouse 


14 

14 



0 

IR V3 X SP-5 - - 

fFiekL 

46 

20 

* 13. 00 

d=2. 74 

4.7^ 

\.-.--do. 

1 Field 


28 

42 

28 

22 

0 

10.00 

±2. 52 
d=2. 70 

0 

3. 70 
.54 

, .28 

BC-4 X SP-r)„ .... 

j] do.«. 

91 

96 

2.50 

±4.61 


[Greenhouse 

124 

121 

1. 50 

±5. 28 

BC-f) X SP-,L„ 

fField._ 

36 

23 

6. 50 

±2.69 

^ 2. 51 

iGreenhouse 

256 

241 

7.00 

±7. 5i 

.93 

BG~6 X SP-5 

j Field 

36 

19 

8. 50 

±2. 50 

3. 40 

iGreenhouse 

34 

26 

4. 00 

±2.61 

1.53 

BC-8 X SP-“5_ . 

fField 

26 

27 

.50 

±2.46 

.20 

iGreenhouse 


70 

55 

7. 50 

±3. 77 

1. 99 

B09 X SP-5 

fField 

33 

20 

6.50 

±2.46 

2. 64 

iGreenhouse 


100 

105 

2. 50 

±4. 83 

.52 

BCMO X SP~9 

fBdeld-„ 

29 

12 

8. 50 

±2.16 

3.94 

iGreenhouse 


56 

68 

6. 00 

±3.76 

1. 60 

BOll X SP~9 

/Bdeld 

8 

4 

2.00 
9. 00 

±1. 17 
±2. 08 

1.71 

1. do.« 

10 


28 

4. 33 



Total in fieUL. 


451 

310 

70. 50 

±9.30 

7.68 

Total in greonhouse.., 


653 

630 

11. 60 

±12.08 

.95 



Grand total 


1, 104 
1, 022 

940 

82. 00 

±16. 25 

5.38 

Calculated (1:1) 


1, 022 







“ Test made in 1931; other tests were made in 1930, 


INHERITANCE OP RESISTANCE IN KOHLRABI 

Four kohlrabi plants (Kr“2, Kr-3, Kr-4; and Kr-6); selected in the 
field from the commercial stock, were brought to flower in the green- 
house. Progenies were tested in the field and in the greenhouse in 
1929. As shown in Table 6, the progeny of Kr-2 segregated into 
healthy and diseased classes in approximately a 3 to 1 ratio, although 
the niimbers involved were too low to make this result significant. 
Kr-“3, Kr-4, and Kr-6 appeared to be homozygous for resistance. 
Certain sib crosses were made involving plants Kr-2, Kr-3, and Kr-4. 
Trials of the progenies from these crosses showed no yellows, a further 
indication that Kr-3 and Kr-4 were homozygous for resistance. 
Moreover, a cross between Kr-3 and susceptible cabbage C-131 
yielded a completely resistant progeny. Three plants from the selfed 
progeny of Kr-3 were grown to seed the following winter. All three 
were self-pollinated and two were back crossed to susceptible cabbage. 
All progenies from self-pollination and from back crosses were com- 
pletely resistant. 


Table 6.- — Occurrence of yellows in progenies from four resistant kohlrabi plants 
selected from a commercial strain of White Vienna variety ^ 1939 


Progeny from*— 

Parent plant or 
cross No, 

Tested in— 

Number of plants | 

Genotype 
t class of 
parent 
plants 

Healthy 

Diseased 



fField....—..-.- 

27 

b 

i jRjK. 


Kr“3„_---- — -- — 

IGreenhouse. . . . . . . 

29 

0 

RR. 

Self-pollination - .. „ _ . 

Kr-4-.-. 

/Field..—— 

27 

. : b 

• RR. 


Kr-6. ... 

\ Greenhouse ....... 

Field.. 

12 

0 

I . JttfJX* ■ ■ ■ 

RR, 


Kr-2... ..... 

.....do. 

10 

4 

:jRr. . 


Kr-3 X 2 

.....do..., ..... 

28 

0 

RR X Rr. 

Sib erosses , 

{Kr-3 X 4 

— do... 

26 

0 

RR X RR. 


Kr-4 X 3-....—-.. 

do. — 

■ 9' 

0 

RR X BE. 

Cross with homozygous sus- 

Kr-3 X 0-131 

-.-do.-.—-—. 

26 

0 

RR X rr. 

ceptible cabbage. 
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Plants from tlie hybrid progeny Kr-3XC™131 were saved and 
brought to flower in the greenhouse. The behavior of the progenies 
from self-pollination of these plants (KC-l, KC-~2, etc.), as tested in 
the field and in the greenhouse, is shown in Table 7. As in Brussels 
sprouts, the progenies from self-pollination of tlie hybrids segregated 
in a ratio approximating 3 resistant to 1 susceptible. Tlie trials iii the 
field gave somewhat less than the expected number in tlie diseased 
class, whereas in the greenhouse trials the reverse was the case. 

% 

Table 7. — Occurrence of yellows in F% 'progenies from a cross hetiveen a homozygous 
resistant kohlrabi plant (Kr~3) and a homozygous susceptible cabbage plant 


Progeny No, 

Tested in— 

Number of plants 


Probable 

Dev^ 

Healthy 

Diseased 

"Deviatior 

‘ error 

P. E. 

KC-ls 


31 

7 

2. 50 
1. 25 

7. 00 

9. 00 

7. 00 
25 

±1. 80 
±1.57 
±2. 48 


k;c-2s 


23 

6 

11 

27 

42 

i « <Jt7 
.80 
2. 82 

KC-4S 

f do 

J do.^ 

(51 

45 


[Greenhouse 

98 

±3. 46 


KC-5S 

Field . 

I) 

2 

9 


KC-6S , 

. do . 

20 

1. 75 
25 

» i i 

±1.57 

i.n 

e:c-7s 

. . do - - 

10 

3 

13 

21 

KC-Ss 

f do 

h—do.^ 

[Greenhouse 

62 

41 

149 

22 

5, 75) 
5. 50 
2. 50 
4. 00 

±2. 53 
±2. 30 
±4. 15 
±1.43 

2.27 
2. 39 

KO-9f« 


2 

2. HO 


[Greenhouse 

11 

5 

1.00 
1. 00 

±1.17 

±2, 02 1 

.85 
. 50 

KC-lOs 

/Field- 

37 

11 


[Greenhouse 

43 

68 

15 

. 50 
11.75 

±2. 22 
±2, 53 


KC“11r 

/Field-.. 

. 2i{ 

4. 64 


[Greenhouse 

84 

20 

6. (K) 

1. 25 

±2. 98 
±1.4(5 

2 ] 01 
. 86 

KC-12s 

/Field - 

20 

5 


[Greenhouse 

28 

12 

2. 00 
4. 50 

±1.85 
±2. 07 

1. 08 
2. 17 

KC-13S 

/Field 

42 

8 


[Greenhouse 

31 

15 

3. 50 

3. 25 

±1.98 

±2.43 

1,' 77 

KC-14S 

I Field 

55 

14 

19 

< do. a 

48 

139 


1. 34 

KC-lfe 

[Greenhouse 

59 

n 

A) 

9. 50 

1. 25 

±2. 39 

.4-.1 1 1 

Field 

14 

37 

47 

X* .1, .1. 

2. 31 
1.04 

2, 91 

3. 40 

ZG-lf)S - 

.....do 

i> 

5 

±1. 20 

KC-I7S 

/ do 

[Greenhouse 

6 

uU 

7.25 

±1. 89 
±2. 13 

-1..0 17 


40 

15 

4 

13 

1.25 

3. 00 

KC-18s_ 

/Field 

24 

i£:«. if 

±1. 55 

. 58 
1.94 


[Greenhouse 

19 

5. 00 

.1.1 




i, r>t) 

3. 03 

Total in fleld 


712 

642 

3 S3 
249 

in 

:J.H. 74 

4, 66 

Total in greenhouse 


40. /5 

0/1 OR 




;±;8, 72 

3. 01 

Grand total 


l,il54 

1, 340 

432 

1 A ru i 

±12. 31 

1. 18 

Calculated (3:1) 


446 

l/K uU 







“ Test made in 1931; other tests were made in 1930. 


^ Back crosses of the hybrid plants (Kr-3 XC-131) were jniwle with 
homozygous susceptible cabbage (SP-5 and SP-9). The reaction of 
fie progenies of tlm type are given in Table 8. The disea,s(^(l class 
- the field trial of 1930 contained fewer plants than was expected 

Ttrnc discrepancy is exjilaincd, as in 

Br^els sprouts by the loss of members of the susceptible class in 
the yellows-infested seed bed. Further trials of three of these 
progenies were made in the field in 1931. Two segregated in an 
app^atel^ 1 to 1 ratio; in the third, the nun^^ 

tesSd expected. In greenhouse trials all progenies 

tested showed approximately the same number in each clasl 
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Table 8. Occurrence of yellows in progenies resulting from buck crosses between 
Fi hybrid plants (Br) {from cross Kr-S (RR)XC~1S1 ()•»•)) and plants of a 
homozygous susceptible cabbage line (SP) 


Progeny No. 


KOlXSP-5 I 

KG-2XSP”r) I 

KCXIXSPN) 


Tested in— 


Field 

Greenhouse. 
.Field__ 


Greenhouse, 

Field,- 

do-_- 


KC-4XSP-5, 


KG-SXSP-S- 

K:C"6XSP>-5_- 

KC-7XSP~5,- 

KC-8XSP~5-. 

KC-9XSP~r),. 

KC-lOXSP-5. 

KC-llXSP-5- 

K:C>d2XSP-“5.. 

Kc-iiixsp-y, 

KC-PlXSP-f). 

KC-15XSP--5, 

KG-16XSP--9, 

KG^UXST-Q- 


K do." 

(.Greenhouse., 
Field-. 


-do.‘ 


Greenhouse. 

fField — 

1 Greenhouse - 

Field 

do 

t Greenhouse - 

/Field — 

1 Greenhouse. 

/Field 

1 Greenhouse - 

Field 

i/ do 

\Greenhouse- 
Field.. 


-do. 


do 

/--do 

1 Greenhouse. 
Field - 


Total in field 

Total in greenhouse. 

Grand total 

Calculated (1:1). 


Number of plants 

Deviation 

Probable 

error 

Dev. 

P. E. 

Healthy 

Diseased 

35 

15 

10. 00 

±2.38 

4.20 

79 

87 

4. 00 

±4. 35 

.9^ 

30 

16 

7. 00 

±2. 29 

3. Of) 

67 

53 

2. 00 

±3. 54 

.56 

173 

133 

20. 00 

±5. 90 

3. 39 

31 

18 

6.50 

±2. 36 

2.75 

29 

23 

3.00 

±2. 43 

1.23 

55 

82 

13. 50 

±3.95 

3.42 

74 

64 

6.00 

±3. 96 

1.26 

42 

26 

8.00 

±2.78 

2. 88 

33 

35 

1.00 

±2.78 

.36 

33 

26 

3.50 

±2. 59 

1.35 

35 

17 

9. 00 

±2.43 

3,70 

33 

29 

2.00 

±2.66 

.75 

21 

15 

3.00 

±2. 02 

1. 49 

30 

17 

6. 60 

±2.31 

2.81 

30 

28 

1.00 

±2. 57 

.39 

23 

19 

2.00 

±2. 19 

.91 

26 

27 

.50 

±2.46 

.20 

29 

15 

7.00 

±2. 24 

3,12 

30 

29 

.50 

±2. 59 

,19 

32 

21 

5. 50 

±2. 46 

2. 24 

37 

16 

10. 50 

±2.46 

4.27 

74 

89 

7. 50 

±4.31 

1.74 

30 

24 

3.00 

±2.48 

1.21 

33 

29 

2. 00 

±2. 66 

.75 

38 

18 

10.00 

±2. 62 

3.97 

25 

26 

0 

±2.38 

0 

68 

83 

7. 50 

±4. 14 

1.81 

19 

25 

3.00 

±2.24 

1.34 

064 

509 

77. 60 

11. 55 

6.71 

620 

596 

12. 60 

11. 76 

1.06 

1,284 

1, 104 

90.00 

16.48 

6.46 

1, 194 

1, 194 










« Test made in 1931; other tests were made in 1930. 


DISCUSSION 

The data seem to prove that resistance to^ the yellows organism is 
based on a single-factor difference in kohlrabi and Brussels sprouts, as 
lias already been shown to be the case in both ciiltivateci and wild 
cabbage.* Since all these plants belong to the composite species 
Brassica oleracea^ it is reasonable to suppose that the same gene is 
responsible for resistance in all four subspecies. ^ The results herein 
reported demonstrate the possibility of developing homozygous re- 
sistant lines of kohlrabi and Brussels sprouts by selection from indi- 
vidual survivors in commercial stocks grown upon soil thoroughly 
infested with the yellows organism. 

SUMMARY 

It has been shown that when commercial varieties of Brussels 
sprouts and kohlrabi were planted on yellows-infes ted soil certain 
individuals remained free from the disease throughout the growing 
season. W such individuals were self-pollinated the progenies 
of some proved to be completely resistant, whereas the progenies of 
others segregated in a ratio approximating 3 resistant to 1 susceptible. 


« Walebr, J. 0. Op. cit. (See footnote 2.) 
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Wten plants from completely resistant progenies were crossed with 
lioiiioz3-goiis susceptible cabbage plants, resistance was found to be 
completely dominant in the Fi generation. Progenies from self- 
pollination of Fi hybrid plants when grown upon infested so'il segre- 
gated into resistant and susceptible classes in the ratio of 3 resistant 
to 1 siisceptible. ^"ITien the Fi hybrid plants were back crossed with 
susceptible cabbage plants, segregation of the progenies occunnd in 
the ratio of 1 resistant to 1 susceptible. 

These results indicate that, as already shown for both cultivated 
and wild cabbage, Fusarium resistance in Brussels sprouts and 
kohlrabi is based on a single-factor difference and is probably carried 
by the same gene in all four subspecies of Brassica oleracea. 

The present report demonstrates the possibility of developing 
homozj^gous resistant lines of Brussels sprouts and kolilrabi by selec- 
tion from resistant individuals grown on yellows-infested soil. 



EFFECT OF FLUORINE ON THE NUTRITION OF SWINE, 
WITH SPECIAL REFERENCE TO BONE AND TOOTH 
COMPOSITION' 

By C. H. Kick, Assistant in Nutrition^ H. M. Bethke, Associate in Nutritionr 
and B. H. Edgington, Associate Animal Pathologist^ Department of Animal 
Industry, Ohio Agricultural Experiment Station 

INTRODUCTION 

Numerous reports have appeared in the literature purporting to 
show the value of phosphoritic minerals as calcium and phosphorus 
supplements in animal nutrition. A great variance exists between 
the results obtained by different investigators. Forbes and others 
{Oy have inferred that the fluorine content of these naturally occurring 
products was the cause of the harmful and variable results obtained 
when these minerals were fed to livestock. Such an assumption 
seems to be fairly well grounded, since there is some correlation 
between the fluorine content of various grades of these minerals and 
the poor results obtained. However, the majority of the investiga- 
tors have made no attempt to determine whether the feeding of fluo- 
rine salts would produce results comparable to those produced when 
the natural minerals were fed. In the present investigations a study 
was made of the comparative effects of flourine, in the forms of 
chemically pure sodium fluoride and the natural phosphate mineral, 
in the nutrition of swine, with special reference to the effect on bone 
and tooth composition. 

REVIEW OF LITERATURE 

Different investigators have shown that fluorine in one form or 
another may prove to be extremely toxic and very often fatal. 
Baldwin {2) and McNally {2Ji.) reported several cases of fluorine 
poisoning in man. Blaizot (5), Wieland and Kurtzahn {S9) and 
Marcovitch {25) studied the lethal doses of different forms of fluorine 
for rabbits, while Heidenhain reported on the lethal effects of 
sodium fluoride in dogs. Using sublethal doses of fluorine in different 
forms, Schulz and Lamb {30), Bergara (S), Sollmann, Schettler, and 
Wetzel {32), and McClure and Mitchell {19) observed an impairment 
of growth and feed consumption in rats. 

The efl’ects of fluorine on the various organs and tissues of the body 
have been studied by numerous investigators. Brandi and Tap- 
peiner (^) could find no histological changes in the blood, liyer, 
kidneys, or muscles of a dog fed varying amounts of sodium fluoride; 
The same investigators found no evidence of histological change in 


1 Received for publication Jan. 20, 1933; issued July 1933. The data in this paper are taken, in part, 
from a dissertation by C. H. Kick in partial fulfillment of the requirements for the degree of doctor of 
philosophy in the Q-raduate School of the University of Wisconsin. 

2 Reference is made by number (italic) to Uiterature Cited, p, 1036. 
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the bones, but reported the presence of crystals— presumably calcium 
fluoride— in tlie Haversian canals and- in the porous bone near the 
epipli3%sis of the long bones. Sollmann,^ Schettler, and Wetzel {SS) 
reported that they were unable to find histological lesions in rats fed 
8 mg of sodium ^fluoride per kilogram of body weight daily for 9 
weeks. Pitotti (27) observed a degeneration of the epithelium of the 
kidneys and a cloudy swelling of the liver in rabbits and guinea pigs 
fed lethal doses of sodium fluoride. Siegfried {SI) noted that sodium 
fluoride and sodium fluosilicate caused a destruction of the epi- 
thelium of the intestines, even though these salts had been introduced 
into the body through other channels. Weinland {38) reported that 
the mucous membrane from the throat of a frog was killed by a 2.1 
per cent solution of sodium fluoride. Grutzner {13) noted that 
nerves were equally sensitive. Maumene (^d) and Goldemberg {11) 
each reported that the feeding of sodium fluoride caused an increase 
in the size of the thyroid glands of dogs and rats, whereas Chaneles 
(7), and Tolle and Maynard {36) were unable to verify these findings. 

The specific effect of fluorine on the teeth of rats has been shown by 
Schulz and Lamb (SO), McCollum, Simmonds, Becker, and Bunting 
(Si), Bergara (S), and Tolle and Maynard {36), The incisors 
became soft, elongated, and lost their normal pigmentation. 
Taylor (Sd), Huffman and Keed {17), and Bohstedt and his coworkers, 
as reported by Christensen (S) also reported that the teeth of dairy 
cattle became soft and showed excessive wear when rock phosphate 
containing fluorine was fed. The latter investigators also^ reported 
similar teeth changes in brood sows fed rations containing fairly 
liberal amounts of rock phosphate. The effect of fluorine ingestion 
on human teeth has been reported, by Smith, Lantz, and Smith {32) . 
These investigators found that children who drank water containing 
large amounts of fluorine developed soft teeth with mottled enamel. 
Similar observations were made by the California State Department 
of Health (1). The only known reference to any change in the 
chemical composition of the teeth due to fluorine ingestion is that of 
Sonntag {34) i who reported an increase in the fluorine content. 

Attempts to study the effect of fluorine feeding on bone formation 
have for the major part dealt with the use of inck phosphate as a 
mineral supplement in animal nutrition. Hart and his associates 
(15) reported improved bone formation when floats (rock phosphate) 
were used to supplement low phosphorus rations for pigs. Forbes 
and his coworkers (9), on the contrary, found that the feeding of 
rock phosphate to pigs produced less dense and weaker bones than 
when no minerals, or minerals practically free from fluorine, were 
fed. The weaker bones were characterized by maximum magnesium 
and phosphorus content and minimum calcium and carbon dioxide 
percentages. Keed and Huffman (28) demonstrated that the feeding 
of rock phosphate resulted in a thickening of the jaw and the meta- 
tarsal bones of dairy cattle. McClure and Mitchell (15) observed an 
increase in the ash percentage of hones, accompanied by a slight 
decrease in the calcium content of the ash, in rats on high fluorine 
rations. Tolle and Maynard {36), on the contrary, reported a 
decrease in the percentage of bone ash in rats fed a ration containing 
1.8 per cent rock phosphate. The last-named investigators also 
reported that phosphatic limestone, containing approximately 1 per 
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cent fluorine, was equal to a mixture of limestone and steamed bone 
meal for growth and bone formation in tbe pig, 

McClure and Mitchell (^0) found that fluorine, in the form.pf rock 
phosphate or calcium fluoride, depressed calcium, metabolism in the 
pig and that excessive fluorine intake also decreased growth and 
feed consum.ption. 

That fluorine is a normal constituent of body tissues has been 
shown by Zdarek (^I), Gautier {10), Wrampelmeyer {4-0), Jodlbauer 
{18), Harmes Sonntag {Sf) and others. Sonntag {34) found-^ 
that whereas normal teeth and bones of dogs contained not over 
0.3 per cent fluorine, the bones of dogs fed sodium fluoride contained 
1.73 per cent on the moisture-free and the fat-free basis, and the 
teeth 1.29 per cent on the dry basis. 

EXPERIMENTAL PROCEDURE 

Two separate experiments were carried out with growing pigs, 
housed indoors in concrete paved pens. Straw was used as bedding. 
At the termination of the experiment the animals were slaughtered 
and subjected to a routine post-mortem examination. The femurs 
and mandibles were removed for physical and chemical examinations. 
They were cleaned of adhering flesh and subjected, to certain physical 
mea'surernents, prior to the removal of the teeth for analytical pur- 
poses and the crushing and extraction of the femurs for chemical 
analysis. All the physical measurements and chemical determina- 
tions were made on the same femur from each animal in any particular 
experiment. The kidneys were fixed in 4 per cent formalin and sub- 
sequently examined histologically. 

The maximum length and smallest diameter of the femurs were 
obtained by means of vernier micrometers. The volume of the 
femurs was determined by difference in the weights of the green, 
cleaned bone in air and when completely immersed in distilled water. 
Breaking strength determinations were made with an Olsen dyna- 
mometer. Calcium and magnesium were determined by McCrud- 
den's {23, 23) method, and phosphorus by the official gravimetric pro- 
cedure. The carbon dioxide in the dry, fat-free bones was determined 
by the V an Slyke {37) method, and the volatilization method of Keynolds^, 
Iloss, and Jacobs {29) was used for the estimation on fluorine. 

The same basal rations were used in the two experiments. Previous 
studies in this laboratory had shown that these rations were satis- 
factory for growing pigs when properly supplemented with calciumi 
The starting ration consisted of 55 parts yellow corn, 25 parts wheat 
middlings, 19 parts linseed meal, 0.5 part sodium chloride, and 0.5 
part cod-liver oil. When the animals had attained a weight of approx- 
imately 125 pounds, the basal ration of all lots was changed at the 
same time to one consisting of 75 parts yellow corn, 14 parts wheat 
middlings, 10 parts linseed meal, 0.5 part sodium clfloride, and 0.5 
part cod-liver oil. The change in ration was made to widen the 
nutritive ratio, and conforms to good animal-husbandry procedure. 
The rations were hand-fed twice daily. The pigs wore weighed 
individually every two weeks.^ 

In the first experiment, which ran for 144 days, eight lots of eight 
pigs each, weighing at the start approximately 50 pounds each, were 
used. Four lots of pigs received the basal rations supplemented with 
908 g of ground limestone, and 0> 30, 60, and 100 g of sodium fluoride 
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per 100 pounds of ration. Two more lots were fed the basal rations 
supplemented mtli 2 parts of different rock phosphates, Kock phos- 
phate A was of Tennessee origin and analyzed 3.34 per cent fluorine, 
while rock phosphate B represented a pebble rock phosphate mined 
in Florida and contained 3.61 per cent fluorine. The pigs in another 
lot had their ration supplemented with equal parts of ground linaestone 
and rock phosphate A, and the remaining lot received a ration that 
included 2 parts of steamed bone meal. ^ 

The mineral composition of these rations are presented in Table 1. 
The calcium: phosphorus ratios of the rations of the different lots were 
variable. However, other work in this laboratory indicates that the 
variations fall within the range of maximum performance and that 
the percentages of calcium and phosphorus, or the proportion in which 
they were present in the ration, were not limiting factors in the growth, 
or in the bone and tooth formation of these animals. 


Table 1. — Mineral composition of rations used for each of eight lots of pigs in 

Experiment 1 

[Upper figures represent starting ration; lower figures represent finishing ration] 


liOt 

No. 

Mineral additions to 100-pound basal ration 

Cal- 

cium 

Phos- 

phorus 

Magne- 

sium 

Fluor- 

ine 

Ca:P 

ratio 



Per cent 

Per cent 

Per cent; 

Per cent 

Per cent 

1 

908 g ground limestone - 

f 0. 802 

1 ,766 

0. 527 
.422 

0. 269 
.212 

(a) 

(«) 

1. 5 
1.8 

2 

1K)8 g ground limestone; 30 g sodium fluoride 

/ .802 

1 .766 

.527 

.422 

.269 

.212 

0. 029 
.029 

1.6 

1.8 

3 

908 g ground limestone; 60 g sodium fluoride. 

/ .802 

1 .766 

.527 

.422 

.269 

.212 

. 058 
.058 

1.5 

1.5 

4 

908 g ground limestone; 100 g sodium fluoride 

r .802 

1 . 766 

.527 

.421 

.268 

.211 

.097 

.097 

1.5 

1.8 

5 

454 g ground limestone; 454 g rock phosphate, A ... 

f . 786 1 
1 .751 

.676 

.570 

.254 

.197 

.033 

.033 

1.2 

1.3 

6 

908 g rock phosphate B 

r .772 

1 .736 

.827 

.721 

.236 

.180 

.070 

.070 

.9 

1.0 

7 

908 g rock phosphate A 

f .770 

1 .734 

.824 

.719 

.240 

.183 

.065 

.065 

.9 

1.0 

8 

908 g steamed bone meal ■ 

r .735 

.822 

.240 

(«) 

.9 



\ . 700 

.717 

.183 

(“) 

1.0 


« Trace. 


From the growth and feed-utilization data presented in Table 2, 
it is obvious that as the percentage of fluorine in the ration increased, 
the feed intake, the daily gains, and the feed utilization of the animals 
were materially reduce^.. These reductions occurred irrespective of 
whether the fluorine in the ration was derived from rock phosphate or 
sodium fluoride. The data, in general, substantiate the observations 
of other invastigators that^ an excess of fluorine in the ration retards 
growth and feed consumption in various classes of animals. 


Table 2.- — Gains and feed requirements of various lots of pigs in Experiment 1 


'■ Lot No. . 

Fluorine 
in ration 

Average 

initial 

weight 

Average 

jfinal 

weight 

Average 
daily 
gain per 
pig 

Average 
daily 
feed per 
pig 

Feed re- 
quired 
per 100 
pounds 
of gain 

1... ' . ' 

Per cent 
<“) 

Pounds 

54,6 

Pounds 
204. 6 

Pounds 

1. 04 

Pounds 

4 92 

Pounds 

470 A 

2 ^ 

0.029 

52*0 

192 ! 0 

*07 

A AU. 

461. 3 

A QO 1 

'3„. ■ 

. 058 

54.0 

1 g 

mUi 

iftO 

A Q1 

4 

]097 

52. 5 

: Q 

. oy 
KQ 

OL 

i AO 

4oo. X 

A1 A K 

5.. 

.003 

54^0 

196] 0 

; • oy 

99 

1 OA 

A Q.A 

DXU* 0 
4Cn 7 

6 L. 

.070 

51, 1 

139. 4 

KCt 

f Q QO 

! i 

AOR 0 

7.„. 

f 0^ 

53 ] 1 

130. 3 

« oy 

0 . oW 

I Q AQ 

OoO, 0 

ARA 1 

8-,.. — 


52.1 

217. 0 

• Ot 

1 14. 

! 0 . ^0 

UOU, X 

AOQ ^ 


j 



X* 

[ . 0.. 

1 44o. 7 


fr 1 pig in lot 6 died at 103 days. 


® Trace. 
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Daily observations of the different lots revealed that the pigs in the 
lots on high-flnorine rations, particularly lots 6 and 7 (2 parts rock 
phosphate) were consuming considerably more water than were those 
in the other lots. No attempts were made to record the comparative 
water consumption of the different lots in this experiment. It was 
also noted that several of the animals in the fluorine-fed lots manifested 
signs of stiffness and were rather reluctant to move. This was espe- 
cially true in the higher fluorine lots. One pig in lot 6 (2 parts rock 
phosphate B) died at 103 days. Post-mortem examination showed a 
contracted, roughened, firm, pale kidney. 

Gross examination of the femurs showed that those from lots 1 
and 8 (2 parts limestone and 2 parts steamed bone meal, respectively) 
were smooth and dense in appearance, with a normal yellowish color 
and a definite luster, while those of the other lots were rough, luster- 
less, white in color, and with some exostoses. These conditions 
became more pronounced as the amount of fluorine in the ration 
increased. It is apparent from the data in Table 3 that the breaking 
strength of the bone is affected by high fluorine intake. Those 
rations that contained approximately 0.06 per cent of fluorine or 
more, either in the form of rock phosphate or sodium fluoride, signifi- 
cantly decreased the tensile strength of the femur. The data also 
indicate that excessive fluorine ingestion increases the diameter of 
the femur. This is particularly evident when the comparative length 
and weight of the bone are taken into account. The ash content of 
the femurs (Table 3) shows some variation. In general, the percent- 
age of ash is lowest in the highest fluorine-fed lots. The difference 
in ash values are, however, only statistically significant in the case 
of lots 1 and 4 (control, and 100 g of sodium fluoride, respectively). 
Further experimental work is required before it can be stated with cer- 
tainty whether or not excessive fluorine feeding will significantly lower 
the percentage of bone ash in pigs during short or long feeding periods. 


Table 3. — Physical measurements and ash analyses of the femurs of pigs in various 

lots in Experiment 1 


Lot No. 

Fluor- 
ine in 
ration 

Weight 

Vol- 

ume 

1 

Length 

Small- 
est di- 
ameter 

Breaking 

strength 

Katio of 
breaking 
strength 
to weight 
of bone 

Ash 

Grams of 
ash/cc 
volume 

^ 

Per cent 
(“) 

Grams 

177 

Cubic 

centi- 

meters 

136 

Centi- 

meters 

18.4 

Centi- 

meters 

2.00 

Pounds 

690d=62 

3. 94 

Per cent 
61. 33=fc:0. 39 

0.805 



0.029 

164 

124 

17.5 

2.06 

733±29 

4. 51 

62.34± ,27 

.825 

3 

.058 

167 

131 

16.8 ! 

2. 21 

647±34 

3.92 1 

60.60=fc .31 

.770 

4 

.097 

136 

111 

16.3 

2,03 

393dbl9 

2.93 

58.03=b .29 

.708 


.033 

160 

126 

17.1 

2.12 

766±31 

4.81 

61.86± .51 

.760 

*6 

.070 

133 

111 

16.3 

2.05 

407±34 

3. 21 

69. 42-t: .68 

.707 


.065 i 

134 

109 

16.1 

2.01 

456±40 

3.34 

60.78± . 54 

,743 

8-- 

(«) 

177 

134 

18.3 

1.95 

841±65 

4.80 

61. 61± .32 

.816 


« Trace. 


The close correlation between the amount of ash per unit volume 
of bone and the breaking strength is of special interest. Apparently 
the ash-volume ratio is a more critical factor in determining the ten- 
sile strength of the femur than is the percentage of ash in the dry 
extracted bone. 


182157--S3— 5, 
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The chemical analyses of the bone ash and dry extracted femurs, 
presented in Table 4^1 show that increasing percentages of fluorine in 
the ration had no significant effect on the percentage of calcium and 
phosphorus in the ash, whereas the percentage of magnesium tended 
to increase with increased fluorine intake, irrespective of the magne- 
sium content of the ration. The carbonate content of the fat-free 
hones tended to decrease with increased fluorine intake, while the 
percentage of fluorine in the bone was directly proportional to the 
'amount ingested. 


T.4.BLE 4,-^CftemicaZ analyses'^ {per cent) of the femurs of pigs in various lots in 

Experiment 1 


Lot No. 

Fluorine 
in ration 

Calcium 

"'Phos- 

phorus 

Magne- 

sium 

Carbon 

dioxide 

Fluorine 

1 

(*•) 

38.39 1 

17.48 

0. 790 

2.76 

0.039 

2 - 

0.029 

38.50 

- 17.99 

.959 

2.72 

.534 

3 - 

.058 

38.27 

17. 68 

.972 

2.37 

.776 

4 - — 

.097 

38.43 

17.62 

1. 141 

2.34 

1. 108 

5 

. 033. 

38.10 

17. 89 

1.036 

2. 57 

.694 

6 

.070 

37. 79 

17.91 

1 1. 167 

1. 92 

1. 037 

7 ' - 

.065 

37.92 

18.14 

i 1. 137 

2.06 

1.093 

8 - 


38.31 

17.75 

1 .823 

2 . 81 

I .036 





« The calcium, phosphorus, and magnesium percentages are based on the bone ash; those of the carbon 
dioxide and fluorine are based on the dry, fat-free bone; 

^ Trace. ■ ■ ' . . 


The mandibles of the fluorine-fed pigs showed the same thickened 
condition and rough, white, lusterless appearance that was noted in 
the femurs. Enlargement of the body of the bone and the appear- 
ance of exostoses became more evident with increased fluorine intake. 
No differences in the amount of wear of the teeth from the various 
lots were noted. However, there was a tendency for the teeth from 
the higher fluorine lots to chip more easily than those from the con- 
trols. Chemical analysis of the teeth did not show any significant 
difference in the percentage of ash or in the calcium, phosphorus, and 
magnesium content of the ash. (Table 5.) The carbon dioxide content 
of the teeth was not affected, except in lots 6 and 7 (2 parts rock phos- 
phates A and B), which gave evidence of a slight decrease. The 
percentage, of fluorine m the teeth was directly proportional to the 
amount present in the ration. 


Table ^.—Chemical composition ° {per cent) of the teeth of pigs in various lots in 

Experiment 1 


Lot No. 

Fluorine 
in ration 

Ash 

Calcium” 

i 

Phos- 

phorus 

Magnes- 

ium 

Carbon 
dioxide 1 

Fluorine 

1 . 

1 (**) 

74.04 

35.83 

17. 48 

1.45 

2.03 ‘ 

0.083 

2., 1 

! 0.029 

74.96 

36.32 , 

17. 77 , 

1.54 

2.09 

.181 


,058 

74. 17 

36.83 ' 

17.86 

1.63 

2. 07 

. 281 

2,, 

.097 

! 74.69 

36.99 

17.38''" 

1.53 

2. 15 

.361 


.,033 

74. 84 

1 36. 67 

17.66 

i ---1.51,,. 

1 2.11 

1 , ,228 

6 ’ 

.070 

74.44 

36.70 

17.57 

1. 50 

1.83 

.331 


.065 

75:17 

! 37.02 

- 17. 35 

1. 56 

1.95 

.375 

5^ - - -1 

1 m 

75.80 

36.88 

17. 33 

, '--’^^.79' 

[ ■ 2.,T,2 

.092 


« Calcium, i)hosphorus, and magnffiid’m percentages are based on tooth ash; those of carbon dioxide and 

fluorine on dry, fat-free teeth. ■ ■■ . 

Trace. 


Gross e.xaminatioii of the various organs at the time of slaughter 
revealed no abnormalities, with the exception of the kidneys from 
the pigs that had been fed rock phosphate. The kidneys were pale 
in color, contracted, and firm in texture, and their surfaces were 
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roughened by numerous small nodules and depressions. (Fig. 1, A.) 
The capsules were slightly thickened, and in some instances firmly 
adherent to the surface. Occasionally small cysts containing a clear 
or amber-colored fluid protruded above the surface of, or were more 


Figure l.—A, External appearance of kidney from a pig that was fed 2 per cent rock phosphate; B, 
cross section of kidney from a pig that was fed 2 per cent rock phosphate; 0, D, mandibles of pigs 
No. 76 of lot 4 and No. 68 of lot 1, showing increased thickness caused by the ingestion of fluorine 

deeply situated in, the kidney. On section the cortex appeared re- 
duced in width, and frequently the medulla contained considerable 
amount of fat. (Fig. 1, B.) 
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Microscopically the kidneys showed a nephritis with a varying 
degree of degeneration of the tubular epithelium and, as a terminal 
re^ltj.the replacement of many tubules and glomeruli with fibrous 
tissue (PL 1.) None of the animals in the control or sodium 
fluoride-fed lots exhibited this condition. 

In an attempt to confirm the results of the previous trial, and to 
study the effects of smaller amounts of fluorine in the ration, a second 
experiment, using six lots of eight pigs each, was started. The basal 
Tations were the same as those used in the first test. The experiment 
ran for 160 days and -was conducted under cond^ions similar to those 
in the fii'st experiment. The mineral composition of the rations are 
presented in Table 6. The amounts of the phosphatic minerals and 
limestone were so adjusted that the percentages of calcium and phos- 
phorus were the same in the rations of all lots. Fluorine was supplied 
in varying amounts in the form of sodium fluoride or rock phosphate. 

Table 6.— Mineral composition of rations used for each of six lots of pigs in Ex- 
periment 2 


[Upper figures represent starting ration; lower figures finishing ration] 


Lot 

No. 

Mineral additions to 100-pound basal ration 

Cal- 

cium 

Phos- 

phorus 

Mag- 

nesium 

Fluor- 

ine 

Ca:P 

ratio 



Per cent 

Per cent 

Per cent 

Per cent 


1 

454 g ground limestone; 454 g steamed bone meal 

/ 0. 714 

1 .672 

0. 654 
. 556 

0. 348 
.260 

(«) 

(“) 

1.1 

1.2 

2 

454 g ground limestone; 454 g steamed bone meal ; 10 g 

f .714 
\ .672 

.654 

.348 

0. 010 

1.1 


sodium fluoride. 

.556 

.260 

.010 

1.2 

S 

454 g ground limestone; 454 g steamed bone meal; 30 g 

f .714 
\ .672 

.654 

.348 

.029 

1,1 


sodium fluoride. 

.556 

.260 

.029 

1.2 

4 

454 g ground limestone; 454 g steamed bone meal; 60 g 

/ .714 1 
\ .672 

.654 

.348 

.058 i 

1.1 


sodium fluoride. 

.556 

.260 

.058 

1, 2 

5 

429 g ground limestone; 227 g steamed bone meal; 222 g 

/ .714 

1 .671 

.654 

. 346 

.016 

1.1 


rock phosphate. 

.557 

,258 

.016 

1. 2 

6 

404 g ground limestone; 444 g rock phosphate 

r .714 
\ .672 

.654 

.557 

.343 

.255 

.032 

.032 

1. 1 
1.2 


« Trace. 


The gams and feed reqnirements of the different lots are recorded 
in Table 7. It is evident that when the fluorine content of the ration 
exceeded 0.029 per cent the rate of gain and the economy of gain were 
decreased. Smaller amounts of fluorine, either in the form of sodium 
fluoride or rock phosphate, appeared to be without effect on growth 
or feed utilization. These observations, in general, substantiate the 
results of the first trial and other unpublished data of this laboratory. 


Table 7. — Gaim und feed requirements of various lots of j^igs in Experiment 2 


Lot No. ' ' 

Fluorine 
; in ration 

Average 
i initial 
weight 

Average 
final . 
weight 

Average 

daily 

gain 

[ per pig 

Average 

daily 

1 ration 
per pig 

Feed 
required 
per 100 
pounds 
of gain 


Per cent 

Pmnds 

Pmnds 

Pounds 

! Pounds 

Pounds 

1 

(-) 

39.3 

243.4 

1.28 

5.08 

398.4 

2, 

0.010 

37.7 

244. 6 

1. 29 

4. 92 

380. 2 


.029 

38.8 

213. 6 

1.09 

4. 26 

389.9 

4.,.,-- 

.058 

39.4 

161.3 

. 76 

3.41 

450.2 

5.-..-- 

.016 

40.4 

246.0 

1.29 

5.06 

394.7 

6. 

, ■ ' . ' ' ■ ■ 1 

.032 

40.4 

219.4 


4.86 

434.0 


•Trace, 
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Again) in this experiment it was observed that the pigs on the high- 
fluorine rations consumed larger quantities of water. To check this 
observation the water and feed consumption of all lots were carefully 
recorded for two weeks. The results (Table 8) show that a high- 
fluorine intake caused increased water consumption per unit of live 
weight. 

Table S. —Effect of fluorine intake on water consumption of pigs in various lots 

in Experiment 2 


Lot No, 

Fluorine 
in ration 

Feed 

consumed 

Water 

consumed 

Average 

weight 

Water 
consumed 
per 100 
pounds 
of live 
weight 

1 

Per cent 
(“) 

0. 010 

Pounds 

945 

Gallons 

165 

Pounds 

212 

Gallons 
77. 83 

2.. 

964 

156 

208 

75. 00 

3 

.029 

767 

153 

188 

81.38 

4 - 

.068 

471 

169 

144 

110,41 

5 

.016 

927 

165 

212 

77.83 

6 - 

.032 

817 

168 

190 

88. 42 



Trace. 


As in the previous experiment, the femurs of the pigs that had 
received 0.029 per cent or more of fluorine in their ration were rough, 
white, and lusterless, whereas the bones from the pigs on lower 
fluorine rations appeared normal. The data presented in Table 9 
again show an increase in the diameter and a reduction in the breaking 
strength of the femurs of the pigs on the high-fluorine rations. The 
percentage of ash was not significantly affected by fluorine feeding. 
However, as in the first experiment, the amount of ash per unit 
volume of bone was decreased with higher levels of fluorine intake. 


Table 9 . — Physical measurements and ash analyses of the femurs of pigs in 
various lots in Experiment $ 


Lot No. 

Fluor- 
ine in 
ration 

Weight 

Vol- 

ume 

Length 

Small- 

est 

diame- 

ter 

Breaking 

strength 

Ratio of 
break- 
ing 

strength 

to 

weight 
of bone 

Ash 

Grams of 
ash/cG 
volume 

i 

1. 

Per 
cent 
(-) 1 

0.010 

Grams 

178 

Cubic 

centi- 

meters 

139 

Centi- 
meters 
18. 4 

Centi- 

meters 

1,96 

Pounds 

1,013±38 

976d=65 

6.06 

Per cent 
61. 75=b0. 34 

0.801 

2._. ' 

182 

140 

18,3 

2.04 

6. 33 

62. 85d= . 42 

.826 

3 - 

.029 

168 

132 

17.3 

2.12 

871±42 

6.25 ! 

62,46± .41 

,792 

4 

.068 

157 

131 

17.1 

2.22 

550^:23 

3. 49 

60.74± . 61 

. 732 


.016 

176 

138 

18. 1 

2.03 

1,050±58 

6. 17 

62.04zb .25 

,796 



6. 

.032 

179 

142 

18. 3 

2. 10 

827d=37 

4. 76 

62.62± .30 

■' ' . i 

.792 



“ Trace, 


The data on the chemical analysis of the femurs (Table 10) show no 
significant differences in the calcium and phosphorus contents of the 
bone ash from the different lots, while the percentage of magnesium 
increased with increased fluorine intake. Again, the carbonate con- 
tent of the dry, fat-free femurs was reduced by high-fluorine feeding, 
whereas the percentage of fluorine in the bone was directly propor- 
tional to the amount ingested. 
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Table 10. — Chemical analyses « (per cent) of the femurs of pigs in various lots in 

Experiment 2 


Fluorine 
in ration 

Calcium 

Phos- 

phorus 

Magne- 

sium 

Carbon 

dioxide 

Fluorine 

C) 

37.61 

18. 52 

0.919 

2. 93 

0. 057 

0.010 

37. 60 

18.25 

.968 ^ 

3.01 

. 316 

.029 

37.64 

18. 33 

1.001 

2. 71 

.671 

.058 1 

37.74 

18. 23 

1.211 

2.31 

1.077 

.016 ! 

37.72 

1 18. 18 

1. 043 i 

2.88 i 

.409 

.032 1 

38. 18 

18.95 : 

i 

1. 102 

2.78 

.624 


« Calcium, phosphorus, and magnesium percentages are based on bone ash; those of carbon dioxide and 
fluorine on the dry, fat-free bone. 

Trace. 


Gross examination of the mandibles revealed the same rough, 
white, lusterless condition in the high-fluorine lots, as noted in the 
previous trial. No difference could be detected in the amount of 
wear of the teeth from the various lots, although it was observed that 
the teeth of the high-fluorine lots had a tendency to chip more easily 
than those from the control or low-fluorine lots. The rami of the 
mandibles were increased in diameter as a result of high-fluorine 
intake. (Fig. 1, C, D.) This enlargement of the mandibles also 
caused an increase in the width of the dental arch at the point of 
the second molar. It was also found that the buccolingual dimen- 
sions, taken at the positions of the three molars, increased in direct 
proportion to the amount of fluorine in the ration. The vertical 
dimensions, taken at the same points, showed no significant differences 
The analysis of the teeth (Table 11) showed no significant difference 
in the percentage of ash or carbon dioxide on the dry, fat-free basis. 
Neither did the tooth ash show any variation in the amount of cal- 
cium, phosphorus, or magnesium. The only variable noted was in 
the fluorine content of the dry, fat-free teeth. The amount present 
was directly correlated with the percentage in the ration. 


Table 11.— Chemical composition** (per cent) of the teeth of pigs in various lots in 

Experiment 2 


Lot No. 

Fluorine 
in ration 

Ash 

Calcium 

Phos- 

phorus 

Magne- 

sium 

Carbon 

dioxide 

Fluorine 

1 - - - - 

(«-) 

73.49 

36. 74 

17.86 

1. 65 

1.76 

0. 043 

■2 ' 

0.010 

74.39 

36.99 

17.84 

1.67 

1.66 

. 127 



.029 ; 

73.96 

37.05 

17.65 

1. 60 

1.76 

.262 

4 1 

.058 

73.93 

36. 69 

17.71 

1. 66 

1. 76 

. 373 

! 

.016 

74.60 

36.77 

! 17.70 

1. 70 ] 

1.64 

.124 

6..A ' 

. 032 

74. 21 

36. 82 

! 17. 06 ; 

1. 74 

1.65 

. 228 


« CaIelum, pbcsphorus, aud magnesium percentages are based on tooth ash; those of carbon dioxide and 
fluoriue on, dry, fat-free teeth,. 

Trace. 


A post-mortem examination revealed no abnormalities in tbe 
various organs, with the exception of the kidneys of the pigs from 
lot 6 (approximately 1 per cent rock phosphate). These organs 
showed the nephritis noted in the animals in the previous trial. 
None of the kidneys of the pigs from the other lots showed any 
pathological change. 

In a third experiment pigs were fed rock phosphate at levels of 1 
and 2 per cent of their ration and sodium fluoride at levels of 30 and 
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60 g per 100 pounds of ration for two years or more, extending through 
the complete reproduction cycle. Upon post-mortem these pigs 
showed bone and kidney changes similar to, but more extensive than, 
those observed in the experiments reported herein. The condition 
of, and changes in, the teeth of these long-time fluorine-fed pigs were 
much more marked than those of pigs in the short-time experiments. 
The detailed findings of the tooth changes have been reported else- 
where {jf). Suffice it to state that frequently the teeth of the liigh- 
fluorine-fed pigs were worn to the gums, and the pulp cavities were 
exposed. This condition of the teeth was reflected in the manner in 
which the pigs consumed their feed. Upon taking a mouthful of feed 
the pigs would throw their heads backward in what appeared to be 
an attempt to swallow the feed without allowing it to come in con- 
tact with the molar teeth. No noticeable effort was made to chew 
the feed. The same animals were reluctant to drink cold water. It 
was also found that sows reared and maintained on high-fluorine 
rations did not consume sufficient feed for good lactation or to prevent 
them from becoming unthrifty. 

DISCUSSION 

From the results of these experiments, it is evident that excessive 
fluorine in the ration exerts definite physiological effects upon swine. 
These effects, in general, were the same whether the fluorine was 
derived from rock phosphate or sodium fluoride. The only difference 
noted was the effect that liberal amounts of rock phosphate (1 per 
cent or more of the ration) exerted on the kidneys. Equivalent or 
even higher levels of fluorine, in the form of sodium fluoride, had no 
such effect. Two explanations present themselves as to the cause of 
this discrepancy. Either the naturally occurring product must con- 
tain some substance or material, other than fluorine, which causes a 
pathological change in the kidney, or the fluorine in rock phosphate 
is present in a more toxic form than in sodium fluoride. 

The increased water consumption of the pigs on the high-fluorine 
levels may in part be accounted for by the results of Gottlieb and 
Grant (Jfl). These investigators recently reported that the intra- 
venous injection of sodium fluoride into dogs caused a marked diuresis. 
Although no urinary volume determinations were attempted in the 
present experiments, it was noted that the litter in the pens of the 
high-fluorine-fed pigs was much more soiled with urine than that in 
the other pens. A marked increase in urine volume must therefore 
be accompanied by an increased water intake in order to avoid a 
serious dehydration of the body tissues. 

The outstanding effect of fluorine on the femurs of pigs, noted in 
these investigations, was the decrease in breaking strength of these 
bones. Although the bones of the animals which received the larger 
amounts of fluorine were larger in diameter and contained approxi- 
mately the same percentage of ash, their tensile strength was signi- 
ficantiy less than bones from those in the low-fluorine lots. Obvi- : 
ously, the breaking strength of a bone is influenced by factors other 
than ash content. The close correlation between the amount of ash 
per unit volume of bone and its breaking strength suggest that the 
ash to volume ratio is a better criterion of the tensile strength of a 
bone than is the percentage of ash. The fact that the weakest bones 
possessed the greatest diameter and .contained the least ash per unit 
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of volume, suggests that fluorine may cause some change in the 
cellular structure of the bones. 

The results of the effects of fluorme ingestion on the inorganic 
composition of the femurs substantiate the findings of Forbes and 
his associates (9), that the weak bones caused by rock-phosphate 
feeding are characterized by maximum magnesium and minimum 
carbon dioxide percentages, but are in disagreement with the report of 
the same investigators that the proportions of calcium and phosphorus 
are also changed. It is of interest that the high magnesium and low 
carbonate percentages were independent of the magnesium or car- 
bonate contents of the rations, the source of calcium and phosphorus 
in the rations, and the form in which fluorine was ingested. This 
show's that excessive fluorine intake alters the inorganic composition 
of the bone. Whether this change in composition as a result of 
excessive fluorine ingestion is due, in part, to a partial replacement of 
the carbonate by the fluoride, or an actual shift in the percentages 
of the different bone salts normally present to compensate for the 
increased fluorine content, requires further detailed study. 

The mandibles of pigs which had been fed toxic amounts of fluorine 
showed changes similar to those described by Huffman and Reed 
(17) in the case of dairy cattle fed rock phosphate. On cross section, 
it was observed that the marrow cavities were greatly enlarged without 
noticeable increase in the thickness of the bone wall. A marked 
difference was also noted between the types of bone marrow in the 
high-fluorine and the low-fluorine lots. The marrow of the low- 
fluorine lots was red, while that from the high-fluorine lots was pale 
yellow' and appeared to have a decided increase in fatty material. 
The difference in the size of the marrow cavity and color and texture 
of the marrow was particularly evident in animals that were fed 
sodium fluoride or rock phosphate for an extended period. 

It was evident that fluorme exerted a definite effect on tooth struc- 
ture in swine. This fact was especially noticeable in animals fed 
fluorine for two or more years. These tooth changes were similar to 
those reported by Huffman and Reed (17) in the case of dairy cattle 
fed rock phosphate. The chemical analysis of the teeth did not reveal 
any striking differences m their inorganic composition, aside from the 
increase in the percentage of fluorine, the increase being directly 
coiTelated with the fluorine content of the ration, which substantiates 
the work of Soimtag (34) with dogs. 

The results are in agreement with the work of other investigators 
wuth different species of animals, in that excessive fluorine in the 
ration decreases growth and feed consumption, and the efficiency 
with w'hich the feed is utflized. The data, in general, show that when 
more than approximately 0.03 per cent fluorine is included in the 
ration the normal performance of the pig is retarded. This is espe- 
cially true in case of long-continued fluorine feeding. Under these 
conditions, the feed consumption is unpaired to such an extent in 
sows suckling pigs that lactation is adversely affected, and frequently 
the animals become so unthrifty that it is impossible to bring them 
back to good condition on the same feed. 

It should be pointed out that the average daily calcium and phos- 
phorus intake of the pigs in the different lots in the same experiment 
were not always uniform, for the reason that the percentages' of these 
elements in the rations between lots varied, or the daily feed intake 
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between lots^ was not the same. The authors are of the opinion that 
these variations in calcium and phosphorus intake do not detract 
from the significance of the results obtained, in that the minimum re- 
quirements for these elements were amply satisfied in all instances. 
Forbes and his associates {9) and McClure and Mitchell {20) obtained 
good results with pigs on a daily intake of 5 to 7 g of calcium. In the 
experiments herein reported, the daily calcium intake was from 2 to 3 
times that fed by the above-mentioned investigators, and in all 
probability the requirements of the pigs for calcium and phosphorus 
were not limiting factors in the results secured. 

SUMMARY 

The feeding to pigs of rations containing approximately 0.03 per 
cent or more of fluorine derived from rock phosphate or sodium fluoride 
impaired growth and feed consumption and lessened the efficiency 
with which the rations were utilized. The femurs of the pigs were 
characterized by an increase in the diameter of the shaft, a loss of 
normal color and luster, the presence of exostoses, and a decreased 
breaking strength. These changes became more pronounced as the 
fluorine content of the ration increased. 

The bones weakened by fluorine feeding contained normal per- 
centages of ash, calcium, and phosphorus, increased amounts of mag- 
nesium and fluorine, and decreased percentages of carbon dioxide. 
The increased magnesium and fluorine contents and the decreased 
carbonate content were directly correlated with the percentage of 
fluorine in the ration. The feeding of fluorine caused an increase 
in the size of the rami of the mandibles. This enlargement was due 
to an increase in the size of the marrow cavity rather than to an 
increase in the thickness of the wall. The type of marrow in the 
cavity was also changed. 

Excessive amounts of fluorine in the ration when fed over long 
periods softened the teeth of pigs. The percentages of ash, calcium, 
phosphorus, magnesium, and carbon dioxide in the teeth were not 
significantly affected by fluorine feeding; however, the fluorine content 
was directly proportional to the amount fed. 

The fluorine from rock phosphate and sodium fluoride exerted 
the same physiological eflfects on swine, with the exceptiop that 
rock phosphate caused certain pathological changes in the kidneys. 
A nephritis with resulting induration of the kidney occurred in vary- 
ing degrees in all pigs fed approximately 1 per cent or more of rook 
phosphate in their ration. 
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VITAMIN C CONTENT OF BALDWIN APPLES AND 
APPLE PRODUCTS' 


By C. R. Fellers, Research Professor, M. M. Cleveland, Felloio, and J. A. 

Clagub, Research Assistant, Department of Horticultural Manufactures, 

Massachusetts Agricultural Experiment Station 

INTRODUCTION 

In spite of the importance of apple as a food, only a few investi- 
gations of its vitamin C content have been reported. A study of the 
literature failed to reveal any data bearing on the important Baldwin 
variety. Nor have apple cider and other apple products been care- 
fully evaluted for vitamin content. Although Bracewell, Hoyle, and 
Zilva {1 found that the Bramley Seedling variety grown in England 
protected 300-g guinea pigs when fed at a daily level of 3 g, 
Van Leersum and Hoogenb^oom (9), Givens, McClugage, and Van 
Horne (6, 7), Kohman, Eddy, and Carlsson (8), Hessler and Williams 
(reported by Campbell (4, p. 68)) j and Hessler and Craig (reported by 
Campbell, (S, p. 67-68)) found that the protective amounts of various 
varieties of apples varied from 10 to over 40 g. At the present time 
the apple is not generally considered a particularly good source of 
vitamin C. 

This paper presents the first results of a study now being made of 
the important apple varieties of the Northeast and the effect of various 
factors upon the vitamin content of apples and of products manufac- 
tured from apples. 

VITAMIN C IN SPRAYED AND UNSPRAYED APPLES 

In 1932, Nelson and Mottern {10) reported that lead arsenate 
sprays applied to orange trees considerably reduced the vitamin C 
content of the fruit. Since apples are almost universally sprayed 
with arsenic compounds and other toxic substances for insect and 
fungus control, comparisons were made in the present investigation 
between sprayed and unsprayed Baldwin apples. The apples for 
the experiment were obtained from orchards at Haydenville, Mass., 
and from the college orchard at Amherst, Mass. The usual spray 
schedule was followed, lime-sulphur and lead arsenate being used. 
The college orchard received eight and the Haydenville orchard 
seven sprays. The season was dry, hence there was a considerable 
spray deposit on the sprayed fruit when it was picked. From 0.905 
to 0.008 grain of AS2O3 per pound of fresh fruit was foxmd on the 
sprayed fruit, but the unsprayed showed merely a trace of arsenic. 
The sprayed fruit was a deeper red and of better quality than the 
unsprayed. However, only sound fruits were used in the feeding 
experiments. The apples were stored at 36° F. until the test was 
concluded. Examination was begun in October, 1931, immediately 
after harvest. 


1 Beceived for publication Nov. 7, 1932; issued July 1933. Contribution No. 153 of the Massachusetts 
Agricultural Experiment Station. Presented before the Division of Agricultural and Food, Chemistry at 
the eighty-fourth meeting of the American Chemical Society, Denver, Colo., Aug. 24, 1932. 

2 Eeference is made by number (italic) to Literature Cited, p. 1045. 
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The quantitative animal feeding method of Sherman, La Mer, 
and Campbell {11) was followed, except that the guinea pigs were 
fed in proportion to their w^eight; that is, if an animal weighing 
300 g received 3 g of apple daily, one weighing 400 g would receive 
4 o* of apple. This method is believed to be fairer than feeding the 
same weight of food regardless of the animahs weight. At least 
three animals housed in individual wire cages, were used for every 
test. Radial sectors of apples \vere fed because of the variation in 
vitamin C content in different parts of the apple {2, S). 

The basal ration consisted of 58 per cent equal parts of rolled oats 
and wheat bran, 30 per cent of vitamin-C-free baked milk powder, 

10 per cent butter- 
fat, 1 per cent each 
of cod-liyer oil and 
salt. This basal ra- 
tion and water were 
kept before the ani- 
mals at all times. 
However, the guinea 
pigs were forced to 
derive all their vita- 
min C from apples 
or apple products. 

At the end of the 
feeding period all ani- 
mals were chloro- 
formed and carefully 
examined for lesions 
of scurvy. ^ Negative 
controls died in from 
26 to 33 days with 
an average Sherman 
scurvy score of 16. 
A normal animal has 
a score of 0, while 
the maximum for 

FiauHE 1.— Results of feeding guinea pigs sprayed and unsprayed Bald- a v f a a 1 qa VAr a 
win apples from Haydenville and Amherst, Mass., as the sole source ^ a. e x iii c i j do v ox o 
of vitamin C: A, 4 g sprayed apple (Haydenville) fed daily, scurvy SCUrVV is 24 
score-, 0; B. 5 g sprayed apple (Amherst) fed daily, scurvy score, 0; qr, 1 ^ , 

C, 5 g unsprayed apple (Amherst) fed daily, scurvy score, 0; I), 4 g f i Be SI gll 1 1 1 C a 11 1 
unsprayed apple (Haydenville) fed daily, scurvy .score, 0; E, negative U q f q 

control, scurvy score, 10 piCSeUICa 

graphically in 1 igure 

1. Apples from trees carefully sprayed all season are fully as rich in 
vitamin C as apples from unsprayed trees. In fact, the animals re- 
ceiving sprayed fruit showed slightly larger weight gains than those 
receiving the unsprayed. Four grams daily of either sprayed or un- 
sprayed Baldwin apples per 300-g guinea pig gave excellent weight 
gains and full protection from scurvy. 

Two additional series of animals were fed 7 g of sprayed and 
unsprayed Baldwin apples from Amherst. The average wmight gains 
per animal after 90 days were 381 and 430 g respectively, and there 
was no evidence of scurvy at autopsy. The data thus show no de- 
crease of vitamin C in the sprayed fruit. In fact in two of the three 
tests the sprayed fruit apf)eared to contain slightly more vitamin C 
than the unsprayed. 
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VITAMIN C IN APPLES STORED FOR DIFFERENT LENGTHS OF 

TIME 

Sprayed Baldwin apples grown on the college farm and stored at 
36° F. were used to determine the effect of storage on vitamin C. 
The examinations for vitamin C were made in October immediately 
following harvest, after 3 to 5 months in storage, and finally after 8 
to 10 months. Figure 2 shows the results obtained. 

Four grams of fresh apple possessed approximately the same anti- 
scorbutic po tency as 5 g of 4-mon ths-old apple or 6 g of 9-months-old fruit . 
Similarly, 3 g of apple 
in storage 4 months 
gave better growth 
and protection than 

4 g after 9 months. 

After 9 months the 
loss in vitamin C was 
about 33 per cent. 

Baldwin apples ap- 
parently retain a sub- 
stantial part of their 
vitamin C for several 
months; that is, dur- 
ing the season in 
which they are eaten 
in largest quantities. 

Bracewell, Kidd, 

West, and Zilva (^), 
and also Van Leer- 
sum and Hoogen- 
boom (,9) found no 
loss in vitamin C of 
apples during stor- 
age, but Hessler and 
Craig, as reported 
by Campbell (S), 

found a loss of fully ]S'iQt 7 KE 2 . — Effect of storage on the vitamin C content of Baldwin apples 
30 per cent in J ona- as shown by the results of feeding them to guinea pigs as the sole source 

f U O n O /I i-n of Vitamin C ; A» 6 g apple stored 9 months fed daily, scurvy score, 0; 

iiian apples neiu m B, 4 g fresh apple fed daily, scurvy score, 0; C, 5 g apple stored 4 

5 t O r a a* 6 about 5 months fed daily, scurvy score, 0; D, 3 g apple stored 4 months fed 

, ® daily, scurvy score, 5; E 4 g apple, stored 9 months fed daily, scurvy 

montilS, score 13 ; F, negative control, scurvy score, 10 



VITAMIN C IN APPLE JUICE AND PRESERVED CIDER 


Apple juice was extracted daily from sprayed Baldwin apples wHicli 
had been in storage 9 months and whose protective dose was approx- 
imately 6 g. The small centrifugal extractor shown in Figure 3 was 
nsed to extract the juice. The yield of juice averaged 70 to 80 per 
cent of the weight of the apple. The juice was pale green in color 
when first extracted but oxidized to a deep yellowish brown after 24 
hours. 

By the use of a hydraulic press cider was prepared from the apples 
that had been in storage at 36° F. for 4 months. Guinea pigs fed 
5 g daily of these apples were fully protected from scurvy. The cider 
was divided into two portions. One was heated to 170° F. and allowed 
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to settle at 36*^ for 12 hours, siphoned Jn to pint bottles, sealed with 
crown caps, and pasteurized for 20 minutes at 160^; the other was 
benzoated by adding sodium benzoate sufficient to give a concentration 
in the cider of 0.1 per cent. Both lots were stored in 1-pint bottles 
at 36^^. It was necessary to make up a second batch of benzoated 
cider after the experiment had been in progress 40 days. The effect 

of feeding this freshly 
prepared cider is evi- 
dent by the marked 
rise in Tigure 5, C, at 
the 40 to 45 day in- 
terval. All juices and 
cider were fed by 
pipette, so that each 
animal received a 
known amount each 
day. (Fig. 4.) / 

The significant 
data are presented in 
Figure 5. 

The animals re- 
ceiving 9 g (not 
shown in fig. 5) and 
6 g daily of freshly 
extracted apple juice 
were well protected 
against scurvy and 
showed large gains in 
weight. Three grams 
of the fresh juice, 
however, did not af- 
ford protection. Since 
6 g of the whole 
apples afforded pro- 
tection, it appears 
that freshly extract- 
ed juice ^ is practi- 
cally as rich in vita- 
min C as the apple 
itself. Nine grams 
of 1-day-old juice 
also afforded full 
protection, showing that the juice retains a substantial part of its 
vitamin C for at least 24 hours. Lesser amounts were not evaluated. 

Pressed cider differs from extracted cider in both appearance and 
flavor. There is greater opportunity for oxidation to take place in 
the pressed product. The benzoated cider possesses moderate 
antiscorbutic properties for several days after manufacture but 
gradually loses this property on storage. Eight grams fed daily 
failed to support growth or give protection from scurvy. Probably 
10 to 15 gyvould have been required. As pointed out previously, 
the temporary upward trend after 40 days in Figure 5 indicates 
increased growth as a result of feeding freshly prepared cider- N 
animal fed 4 g daily survived for more than 60 days. 


Jp iGURE S.— Small eentnfugal extractor used in preparing the apple 
Juiee, 
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Pasteurized cider when fed at the 8-g level showed practically no 
protective value and was little better than the negative controls. 
There is a marked loss in vitamin C when Baldwin apples are 
manufactured into benzoated or pasteurized cider. Unless the juice 
is freshly extracted from apples, it is likely to contain but little 
vitamin C. 

VITAMIN C IN CANNED APPLE SAUCE 

The vitamin C content of two kinds of Baldwin apple sauce was 
determined. Unstrained, “ lumpy or rough sauce, was prepared 
from peeled and cored fruit. The waste was 23 per cent. Sugar 
equivalent to 18.7 per cent of the weight of prepared apples and water 
equivalent to 13 per cent was added and the sauce was cooked in a 
loosely covered kettle for 6 minutes. Since the yield was exactly the 
weight of the prepared apples, 10 g of the finished sauce was practi- 



Figure 4.-“Fipette method of feeding apple juice and cider to guinea pigs 


cally equivalent to 8 g of apple. The sauce was packed into half-pint 
jars, pasteurized at 170° F. for 20 minutes, and immediately cooled. 

The smooth or strained apple sauce was prepared by cooking 
quartered impeeled Baldwin apples until soft. Twelve per cent by 
weight of water was added before cooking. The mass was pulped 
while hot in a tomato pulper, 19 per cent sugar was added, and the 
sauce was packed hot into half-pint glass jars and pasteurized at 
170° F. for 25 minutes. The sauce was stored at 36° until used, a 
new jar being opened every other day. Most of the guinea pigs ate 
the sauce greedily; those that did not were eliminated from the 
experiment. The graphs representing the collected data are shown 
in Figure 6. 

In general, canned apple sauce does not retain much of the vitamin 
C of the. fresh apple. Strained sauce, even when fed at 10-g levels 

18215 T ~ 33— -6 . ' 
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was little better tlian tbe negative control. Certainly the quantity 
of strained apple sauce necessary to protect against scurvy would be 

veryliigh. The un- 
strained sauce was 
somewhat richer in 
vitamin C, but as 
much as 10 g was 
not nearly enough to 
protect the animals 
against scurvy or to 
maintain their 
weight. Neither 
style of sauce, as 
prepared in this ex- 
periment, can be con- 
sidered of appreci- 
able antiscorbutic 
value. These results 
are in accord with 
those of Hesslerand 
Williams (4), who 
found that Johna- 
than apple sauce 
contained practically 
no vitamin C, and 
with those of Koh- 
man, Eddy, and Carlsson (5) who obtained similar results with 
Yellow Newtown (Albemarle Pippin) and Stay man Winesap. 

SUMMARY 

The Baldwin apple growm in Massachusetts is a good source of 
vitamin C, about 4 g per 300 g of body weight sufRcing to maintain 
growth in guinea pigs 
and to protect them 
fully from scurvy. 

In two tests, ap- 
ples from completely 
sprayed trees con- 
tained as much or 
possibly more vita- 
min C than apples 
from unsprayed 
trees. . , 

In 4 to 6 months 
of storage at 36° F. 

Baldwin apples lost 
about 20 per cent of 
their vitamin C con- 
tent ; in 8 to 10 
months the loss was 
nearly 40 per cent. 

. ^^^shly expressed Baldwin apple juice was found to be nearly as 
rich m vitamin C as the fresh apple. Little loss occurred during the 




Figure 5.— Results of feeding guinea pigs Baldwin apple juice and ap- 
ple cider as the sole source of vitimin C: A, 9 g 1-day-old apple juice 
fed daily, scurvy score, 0; B, 6 g fresh apple juice fed daily, scurvy 
score, 1.5; C, 8 g of benzoated eider fed daily, scurvy score, 10; D, 3 
g fresh apple juice fed daily, scurvy score, 10; E, 4 g benzoated cider 
fed daily, scurvy score, 14; F, 8 g pasteurized cider fed daily, scurvy 
score, 14; G, negative control, scurvy score, 10 
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first 24 hours after extraction. Benzoated or pasteurized ciders over 
48 hours old, however, failed to retain an appreciable quantity of 
vitamin C. 

Canned Baldwin apple sauce, either strained or unstrained, proved 
to be a poor source of vitamin C. The unstrained sauce was some- 
what superior to the strained. 
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SOMATIC SEGREGATION IN A SECTORIAL CHIMERA OF 
THE BARTLETT PEAR ‘ 

By V. R. Gardner, Directory W, Crist, Research Assistant Horticulturist y and 
R. E. Gibson, Michigan Agricultural Experiment Station 

INTRODUCTION 

Mention is naade in some of the older European pomologies of* a 
considerable number of striped, banded or panache varieties or 
strains of pears. Apparently they never assumed much commercial 
importance and even academic interest in them must have largely 
disappeared, for more recent treatises have been inclined to overlook 
them and a search to-day would probably reveal the fact that most of 
them have disappeared from cultivation. Descriptions vary in their 
completeness, but it is evident that the fruits themselves were gen- 
erally characterized by alternating sectors of the normal green and 
of yellow skin, extending from stem to calyx lobes, and that at least 
in many instances the bark of the shoots was similarly striped. 
Historical data pertaining to many of these sports are likewise incom- 
plete, but the presumption is that most, if not all, originated as bud 
sports from normal solid green or self-colored varieties. Undoubtedly 
they would be now classified as sectorial chimeras. 

In the summer of 1912 one of the authors of this article, in company 
with Dr. E. J. Kraus, then of the Oregon Agricultural Experiment 
Station, found a limb sport of this type in a tree of the Bartlett 
variety, near Medford, Oreg. Buds of this limb sport, set on quince 
stock on the grounds of t& Oregon^ station at Corvallis, produced 
striped fruit like that borne by the original limb sport. No note was 
made at the time the original limb sport was found as to whether 
more or less than half of the surface of the fruits or of the shoots was 
yellow, or on the color distribution of either fruits or shoots as grown 
at the Oregon station. The sport was simply^ observed and propa- 
gated as a striped form. In 1923 scions obtained from the Oregon 
station trees were top grafted on some young Kieffer pear trees 
growing in the orchard of the Michigan experiment station, and the 
resulting grafts (four on one tree and two on another) have in turn 
furnished stock for more recent propagations. A study of the 
Michigan-grown stock of tins strain has furnished the data relating 
to bud-sport origin reported in this paper. 

DESCRIPTION OF MATERIAL 

This striped bud sport of the Bartlett pear is apparently fairly 
representative of bud sports of similar type listed in the older pom- 
ologies. The developing fruits show alternating vertical stripes of 
yellow and green, the individual stripes being of various widths. 


1 Received for publication Nov. 14, 1932; issued July, 1933, Journal Article No. 127 (n. s.) from tfce 
Michigan Agricultural Experiment station. 
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(Fig, 1.) In some specimens the green predominates, in others the 
yellow. For the most part each stripe is continuous from base to 
apex of fruit, though many are broken, being green at the basal end 
and yellow at the apical end, or vice versa. This striping is clearly 
evident wdien the developing fruits are less than a quarter of an inch 
in diameter. As the fruits approach maturity, the stripes become 
less distinct because of the gradual disappearance of the green pigment. 
The fruit stems are not striped but are very much lighter in color 
than those of normal Bartletts, being distinctly yellowish in cast. 

The young shoots of this sport similarly show an alternate striping 
with green and yellow; this condition likewise characterizes the new 
growth of the spurs. Toward the end of the growing season as the 
epidermis cracks and weathers and the corky layer of the cortex 



Figuee l.—Typical specimens of the striped Bartlett, fully grown but still firm, and before the 
normal green color changes to yellow 


becomes exposed, the striping disappears and the year-old shoots can 
not be readily told from those of a normal Bartlett, The leaves of 
the bud sport show no visible evidence of variegation and appear to 
be as large and as green as those of the normal unstriped form. 

In a general way both frmts and shoots of the top grafts in the 
orchard of the Michigan station closely resemble those of the original 
limb on the parent tree near Medford, Oreg. 

EXPERIMENTAL FEOCEDURE ^ ^ ^ ^ 

COLOK STRIPING OF SHOOTS 

After the top grafts at the Michigan station had made two or three 
years' growth, it was noted that certain of the striped shoots on tree 1 
were predominantly yellow, their green stripes being reduced to narrow 
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vertical lines and constituting not more than 10 per cent of the surface 
of the shoots; other shoots were predominantly green, their yellow 
stripes being similarly reduced to narrow bands, but constituting per- 
haps one-fourth of the total surface* Buds were selected from several 
of these shoots showing different proportions of the two color stripes 
and were set in seedlings pear stocks to determine whether it is possi- 
ble to segregate froni 
this strip ed strain 
other strains or sub- 
strains distinct in the 
relative amounts of 
green and yellow pig- 
ment in their bark. 

Nursery trees 
grown from buds cut 
from striped shoots 
in which the green 
tissue predominated 
grew satisfactorily, 
though more slowly 
than adjoining trees 
of the normal Bart- 
lett. Those grown 
from buds cut from 
striped shoots in 
whicii the yellow pre- 
dominated made a 
very slow growth and 
at the end of the first 
season in the nursery 
were little over half 
the size of normal 
stock. (Fig. 2.) At 
the end of the second 
year in the nursery 
the differences were 
still more pro- 
nounced, the trees 
from the predomi- 
nantly yellow buds 
stocks being very 
small, much-branched 
and having the gen- 
eral appearance of 
inferior seedlings, 
though they had re- 
ceived the best of figure 2.— 'Typical l-year-old nursery trees of Bartlett selection: A, 
care Anv nurserv- striped form in which yellow color predominates; B, striped form in 
T 1'.% which green color predominates; C, normal trees with solid gtgen 
man would classify bark. Note differences in size 

them as culls, and it 

is doubtful if any experienced propagator or pomologist would recog- 
nize them as being of the Bartlett variety. 

The best of the 2-year-old nursery trees of these predominantly 
yellow selections were set out in the orchard in the spring of 1928, 
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alon? with, some of those of the striped but predominantly green type, 
and some of the normal Bartlett for comparison. Several of those 
of the predominantly yellow type died; those that lived have made a 
comparatively weak growth. ‘ Figure 3 shows a representative tree 
of each selection after two years’ growth in the orchard. After five 
years’ grow'th in the orchard the difference in size between these 
groups of trees, though still great, w’as less pronounced than at the 
end of the first two years. 

The marked differences in vegetative growth between these twm 
striped strains and between them and the normal Bartlett, even 



Figure 3.~Typical 2-year-old orchard tree of Bartlett selection: A, A normal all-green tree; B, a 
striped form with the green predominating; C, a striped form with the yellow predominating 


t.iwiigh there were no apparent differences in size, thickness, or color 
oi leaves, suggested the desirability of chlorophyll determinations on 
boiih leaves and bark of the shoots. Such determinations were made 
onyoimg nursery stock of the three strains, samples being taken July 
11 and August 13, 1932. The data are presented in Table 1. It is 
clear that, even though to all appearances the leaves of the two striped 
forms were as dark green as those of the check, or normal Bartlett, 
they actually contained distinctly less chlorophyll. The bark of the 
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striped strain in which the yellow color predominated was very low 
in the green chlorophyll pigments, and it likewise contained much less 
xanthophyll and carotin than did the bark of the normal Bartlett 
shoots. The bark of the striped shoots in which the green color pre- 
dominated showed an intermediate condition. Incidentally these 
analyses, together with the growth records of the nursery and young 
orchard trees, suggest that the bark^is a more important contributing 
factor in general vegetative growth and development than has been 
commonly thought. 

Table 1. — Chlorophyll and yellow pigment content of leaves and hath of shoots of 
normal and striped Bartlett strains 


[Expressed in terms of milligrams per 10 g of fresh material] 


Date and strain 

Chlorophyll 

(A-hB) 

Xanthophyll 

Carotin 

Total yellow 
pigments 


Leaves 

Bark 

Leaves 

Bark 

Leaves 

Bark 

Leaves 

Bark 

July 11, 1932: 

Normal solid green Bartlett 

15. 02 

4. 44 

1.27 

0.21 

1.18 

0. 24 

2. 45 

0.45 

Striped, with green predominat- 
ing 

9. 66 

3,27 

1. 18 

.15 

.77 

t .26 

1. 95 

.41 

Striped, with yellow predominat- 
ing 

9.63 


1. 16 

,02 

.95 

.03 

2. 11 

.05 

Aug. 13, 1932: 

Normal solid green Bartlett 

25.51 

3. 68 

1.92 

.20 

.90 

.15 ' 

2.82 

.36 

Striped, with green predominat- 
ing 

21. 39 

1 

2. 94 

1.49 

.11 

.91 

.09 

2.40 

.20 

Striped, with yellow precominat- 
ing 

18.54 

2. 65 

1. 77 

.09 

.96 

.06 

2.73 

.15 


Table 2. — Productiori of shoots and fruits of diSerent color types by striped Bartlett 

grafts in 19M 


Number of shoots and fruits by tree and branch 
indicated 


Color type of shoots and fruits 

Tree 1, 
branch 
A 

Tree 1, 

' branch 
B 

Tree 1, 
branch 
• C 

Tree 1, 
branch i 
D ' 

Tree 2, 
branch 
A 

Trees 2, 
branch 
B 

Shoots: 







Predominantly yellow 

13 

25 

35 

i 19 

29 

0 

Predominantly green 

5 

7 

3 

3 

' 4 

'' 1 

Solid green 

3 

0 

1 

« 6 

■ '7, 

1 ^ 

Fruits: 







Predominantly yellow. 

52 

30 

10 

150 

. 34 

' ■' ' '27 

Predominantly green 

22 

7 

8 

96 

41'. 

87 

Solid green 

3 


0 

*>32 

0 

3 


« Including shoots produced by the lower branch that had reverted to the normal Bartlett type. 
Including fruits produced by the lower branch that had reverted to the normal Bartlett type. 


The success that attended the segregation of the original striped 
Bartlett into two striped color strains led to a careful scrutiny of all 
the shoots on the two trees in the orchard at East Lansing in the sun^ 
mer of 1932 to determine whether or not further segregation was 
taking place. The results of the observations are presented in Table 2. 
Most of the shoots were striped, but on four of the original six grafts 
one or more all-green shoots were produced, that is, in these cases there 
had been a complete reversion to normal. Of the 144 striped shoots 
on these 6 top grafts, 121 were classified as having yellow predomi- 
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natina:, 23 as having green predominating. There seems to be no 
definite proportion of 'pure green or of principally, green segregates 
characterizing all the grafts. One summer shoot (fig. 4) had its growth 
stopped in early June and then produced three secondary lateral 
branches, one of ’which was pure green, the second striped with green 
predominating, and the tliird striped with yellow preodminating. 
Here is a case of both partial and complete color segregation in 
branches arising from successive nodes on the same shoot. An even 
more interesting case of color segregation, this one taldng place in a 
single shoot, is illustrated in Figure 5. In this instance the entire 



Figure 4— A striped shoot of the striped Bartlett that had its growth stopped in midsummer and 
then gave rise to three lateral branches. The one at the left is striped but predominantl y green ; the one 
at the right is likewise striped but predominantly yellow; the one in the center is the normal solid green 


shoot was striped; its basal third was predominantly yellow, the 
green stripes being reduced to mere pencillike lines; its median section 
was predominantly green, the yellow stripes being reduced to mere 
lines; the apical third -was predominantly yellow, like the basal third. 
A close inspection of Figure 5 shows that these color changes occur at 
the nodes. A vertical green stripe that traverses a number of nodes 
and internodes may be replaced by a vertical yellow stripe that trav- 
erses the next one or more intemodes, or ’vice versa; or a broad green 
and narrow yellow stripe that traverses one or more internodes may 
be replaced by a narrow green and broad yellow stripe at some node, or 
’Vice versa. One other shoot was found (besides that in fig. 5) in 
which there was a similar change from internode to internode in the 
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relative proportions of green and yellow, though none was found in 
which one or more internodes of an otherwise striped shoot were 
pure green or in which one or more internodes of an otherwise pure green 
shoot were striped. 

The 1932 records of 

shootsof these six top . ^ , \Lm 

grafts would there- '"Wj m ' : W 

fore seem to indicate ' ■ ' ' m 

that this particular ^ " 

striped strain is, at . ■ 

least from a' vegeta- . B- . » z 

tive standpoint, in a ' %/) 

more or less incon- ^ M 

stant or ever-sporting mg B W 

condition and raise a S ^ a 

question as to whether ' m ' ■ ’ ' ' 

it can ever be fixed * m I ' ' « 

or segregated into ",.1 , ' ll * 

constant substrains. ■ ' ■ M I ' 8 

Fortunately some ' m ■ "■ ' • ’ 

light is thrown on ' 

these questions , b}^ ■ ■ ■•. ' m'' ■ ' 

the , progeny trees J \m I B 

propagated from two ■/ 

of these six top grafts. ■ /r M ' « 

Altogether, ■ several ^ ^ ' ■ ■ ' ^ ■ ■ 

hundred nursery trees B B/ B 

have been grown from B B ' . ■ 

these selections, and B ' /}* ' 

a number have been \ B _ ^ .\ B M 

planted in the orchard ; ; '|B » 

and carried ■ along * B ^ B ■ 

until they are now 5 ' I Bi 

years of age. All trees R ”''**' ** I '• M 

thus far grown from B % ^ m y ' 

buds cut from shoots B . ^B/ ^ : I , 

that were striped, but B B:,,''/ 

with the yellow B '' 

shoots that almost , ^ 'i: I , ‘ 

without exception ’ m':’, ■ , 

have been like the . ' ' , a ^ f' * ' 

parentshoots. Those V , A ‘ ’• , 

that have grown from - ' ^ - Jl 

buds cut from shoots figure S.— Basal (A), median (B), and subterminal (C) sections of a 
that were strined hut single shoot of the striped Bartlett in which the basal section is pre- 

. ,r xi. ^ X ’• dominantly yellow, the median section predominantly green, and the 

Wltn tne green stripes subterminal section predominantly yellow. Note the color changes 

nrpd nrri i r» n ti r» a* U at a taking place at certain of the nodes (a) , a green stripe traversing one 

ux cuuxxixiiix Liiig, iia, V tJ or several internodes being replaced by a yellow stripe, or vice versa 

for the most part 

produced shoots that similarly were like the parent bud sticks, but there 
have been a few reversions to the pure green normal Bartlett form, and 
there has likewise been some segregation of striped and predorninantly 


i/r.:';;' ■ 

‘f r" C 

■"I,/".--'.,'.., ‘'V’ 


Figure 6.— -Basal (A), median (B), and subterminal (C) sections of a 
single shoot of the striped Bartlett in which the basal section is pre- 
dominantly yellow, the median section predominantly green, and the 
subterminal section predominantly yellow. Note the color changes 
taking place at certain of the nodes (a) , a green stripe traversing one 
or several interuodes being replaced by a yellow stripe, or vice versa 
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yellow types. The parent form, as found in Oregon, plainly was not 
constant or fixed. The subtypes (except for the reversion to the 
normal nll-greeii Bartlett type) that have segregated from it are 
likewise not entirely fixed; but they are nevertheless much more 
constant, and experience with them indicates that they can be kept 
reasonably constant by suitable care in the selection of bud wood— and 
only in that way. 


COLOR STRIPING OF FRUITS 

Year after year it has been noted that the fruits themselves of the 
striped sport vary considerably in width of the alternating yellow and 
green sectors and in the percentages of the surface covered by the two 
colors: Not until 1932 were detailed records made relating to this 
color distribution. They are summarized in Table 2. Considering 
the crop as a whole, there were many more of the fruits in which the 
yellow predominated, just as in the shoots, though there was no 
uniformity in percentages between the different branches. The 
fruits borne by successive spurs on the same year’s growth were in 
some cases all of one type, and in others presented all possible com- 
binations. In some instances where two fruits were borne by one 
spur they were alike in color markings, in others one was predom- 
inantly green wdiile the other was predominantly yellow. In one case 
one of a pair coming from a single flower cluster was striped and the 
other was solid green, a complete reversion to the normal parent 
Bartlett form. Apparently the successive nodes of the fruit-cluster 
base present the same opportunity for variation in the width of secto- 
rial color stripes as is presented by successive nodes of the normal 
vegetative shoot. One whole branch (from graft ID) that developed 
from the basal bud of the original scion showed complete reversion to 
the normal Bartlett type, producing solid green shoots and solid green 
fruits only, while the main growth of this graft, coming from the upper 
bud of the scion, has been producing the characteristically striped 
fruits. Evidently this one branch, in its origin and subsequent behav- 
ior, is comparable to one of those shown in Figure 4, and the parent 
scion for graft ID corresponded closely to the upper 4 inches of the 
primary shoot shown in Figure 4. 

SHAPE OP FRUIT 

The Bartlett pear, like certain other pear varieties, presents con- 
siderable variation in shape of fruit, though, so far as the writers 
are aware, evidence has not been presented showing that the variety 
presents definite dimorphism or polymorphism in this respect. FIow- 
ever, close examination of the fruits borne by the six top grafts of 
Its striped sport in the experiment station orchard at Bast^Lansing 
would suggest the existence of a dimorphic or possibly polymorphic 
condition. (Fig. 6.) It was therefore thought advisable in 1932 to- 
imep separate the crops as harvested from the six grafts, measure 
each fruit, and calculate its form index. Table 3 shows the frequency 
distributipn of these form indices (obtained by dividing the total 
raal by the total transverse diameter, each measured to the closest 
eighth of an inch). What the writers would consider an ideally 
, or normal Bartlett has a form index of approximately 

L2o to 1.35, that is, its axial diameter is about a quarter to a third 
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greater than its transverse diameter. A typical Kieffer pear has a 
form index of approximately 1.00. It will be noted that two of these 
striped Bartlett grafts (2A and 2B) produce fruits more or less closely 
approaching the typical Kieffer shape, their mean form indices being 
1.07 and L03, respectively- Grafts lA, IB, IC, and ID bear fruits 
showing wider ranges in form than do the fruits of grafts 2A and 2B, 
but many of them are typical Bartletts in form and their mean form 
indices are much closer to the 1.25 to 1.35 form index than they are 
to the 1.00 form index of Kieffer. These differences in shape cannot 
be attributed to stock influence because all the scions were top worked 
on the one stock (Kieffer). 



Figure 6.~-Normal (A) and “ Keiffer-shaped ” (B and C) specimens of the striped Bartlett. 
These particular fruits show only indistinct stripes because of their advanced degree of maturity 


Table 3, — Frequency distribution of the form indices of fruits borne by different 

striped Bartlett grafts 

[Form index determined by dividing the axial diameter of the fruit by its transverse diameter, both having 
been measured to the nearest eighth of an inch] 
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Before harvesting it was noticed that the fruits borne by graft 
lA not only seemed somewhat less typically Bartlett in form than 
those of grafts IB, IC, and ID, but also that several of the individual 
branches of this graft differed rather markedly from each other. 
Consequently they were harvested separately. The form indices of 
the fruits borne by these different lateral branches appear in separate 
columns in Table 3. Obviously, the numbers are not great enough to 
warrant attaching much significance, and another year’s or several 
years’ records must be obtained and propagation tests resorted to 
before conclusions can be drawn. It may be pointed out, neverthe- 
less, that the same tendency toward dimorphism or polymorphism, 
toward segregating out into fairly distinct shape types, is evident in 
the lateral branches of graft lA as is evident when grafts lA, IB, lO, 
and ll) are compared with grafts 2A and 2B. 

It is recognized that the forms that are_ here called form segregates 
are probably incomplete segregates, j ust like the first color selections. 
Especially is this true of the so-called normal Bartlett form that is 
found to some extent in grafts lA, IB, IC, and ID. 

Field and laboratory studies now in progress indicate that many 
normal Bartlett trees, that is, those producing the normal green 
fruits, now growing in commercial orchards present this same diversity 
in fruit shape and that more or less segregation of the type here 
described is taking place. 

No correlation was found between degree or amount of color striping 
and segregation as to form, some of the predominantly yellow fruits 
being Kieffer shaped, others typically Bartlett shaped. Similarly, 
some of the fruits that were predominantly green were Eaeffer shaped, 
while others were of the normal Bartlett forna. The evidence, thore- 
forOj indicates that out of the one parent limb sport at least four 
strains have been segregated — two in color and two in shape. The 
color segregates were the result of aidificial selection; the form segre- 
gates were purely accidental. 

DISCUSSION 

Though the data here recorded pertain to a type of variation that in 
itself is of little importance in fruits, they throw light on what seems 
to be a fundamental, though little recognized, characteristic of many 
bud variations in fruits. This particular variation obviously did not 
appear as a departure from type at once permanent and fixed, ready 
to propagate true indefinitely as a uniform new strain or variety 
(uniform in the sense of meeting the usual specifications of a vegeta- 
tively propagated variety).^ It was a-new strain, but a variable, 
segregating strain from which several fairly definite concrete forms 
could be developed. This was possible only by what has generally 
been termed bud selection, and furthermore the evidence indicates 
that these forms, once developed, can be maintained as clear-cut 
entities only by a continuation of the same process. This is not sur- 
prising in view of what has come to be common practice among 
experienced propagators of certain ornamental plants such as Pan- 
danus mitchi. Incidentally the facts presented raise the question as 
to whether or not, if more or less continuous selection is necessary in 
mamtaining the identity of certain bud sports, is it not likewise 
necessary in maintaining the identity of some of the parent varieties 
from which they may be derived? 
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SUMMARY 

There is described a sectorial chimera of the Bartlett pear from 
which has been segregated two color forms and two forms differing 
from each other in shape of fruit. 

The bark of the young shoots of the predominantly yellow segregate 
contains much less and its leaves contain somewhat less chlorophyll 
than corresponding tissues of the predominantly green segregate or of 
the parent all-green form. 

Segregation as to color of bark and skin of fruit is independent of 
segregation as to shape of fruit. 

The evidence indicates that continued selection is necessary properly 
to maintain, as well as to isolate, the types resulting from segregation. 
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MORPHOLOGY OF REPRODUCTION IN CERATOSTO- 
MELLA FIMBRIATA* 

By C. F. Andrus, Junior Pathologist^ and L. L. Harter, Senior Pathologist, 

Division of Horticultural Crops and Diseases, Bureau of Plant Industry, United 

States Department of Agriculture 2 

INTRODUCTION 

The following report of the results of investigations on a species of 
the genus Ceratostomella is offered primarily to reveal a process of 
aseus niultiplication that appears to be entirely unique in the field of 
mycology. This process, while doubtless confined to a relatively 
small number of the Pyrenomycetes, is regarded as an ordinal charac- 
ter and is presented here as a preliminary to further work in this 
group. To discuss the subject properly, it is desirable to review the 
grosser morphological characters of the fungus and to trace the sexual 
stage from the beginning of perithecial development to the discharge of 
inature ascospores. 

The genus Ceratostomella is grouped with the Sphaeriales of the 
Pyrenomycetes and includes both parasitic and saprophytic forms. 
It is well represented among wood-staining fungi of forest trees and 
lumber yards. Ceratostomella fimhriata (Ell. and Hals.) Elliott is 
important economically as the cause of black rot of sweetpotatoes 
{Ifomoea batatas (L.) Lam.) (16),^ The disease was first described 
by Halsted (12) in 1890, who gave to the fungus the name Oeratocystis 
jimhriatum Ell. and Hals., and the following year Halsted and Fair- 
child (JlS) published a more thorough description of the life history of 
the organism. 

Owing to the early disintegration of ascus walls, the perithecia were 
thought to be pycnidia of an imperfect fungus. Saccardo {2S), still 
regarding the fruiting body as a pycnidium, gave the first technical 
description of the organism and transferred it to the form genus 
Sphaerondma. The first report that 8-*spored asci are formed in the 
perithecia was made by Elliott {6) in 1923, and accordingly 
nema Jimbriatum (Ell. and Hals.) Sacc. became Ceratostomella fim- 
briata (E\h and Hals.) Elliott. In a later paper attributed to Elliott 
(7) and published after his death, an attempt was made to trace in 
detail the development of perithecia and ascL 

These students, attempting to fit the morphology of Ceratostomella 
into that of a conventional Ascomycete, did not discover the real 
character of the sexual stage. An examination of the perithecial con- 
tents reveals indeed that there are here features never adequately 

1 Received for publication Dec. 9 , 1932; issued July, 1933 . , 

2 Acknowledgment is made to Dr. R. F. Griggs, professor of botany at the George Washington University, 
for valuable constructive criticism during the progress of the investigation. 

3 Reference is made by number (italic) to Literature Cited, p. 1077. 
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accounted for in any treatise on Ascomycete morpliology known to the 
present writers. The need for .a reexamination of the development of 
the black-rot organism has led to the present investigation. 

The, following observations on the life history of Ceratostomella 
fimhH^a were made from material grown on corn-meal and potato- 
dextrose agars. The endoconidia and early stages in perithecial 
development w^ere observed satisfactorily in water mounts of live 
myceliiiiii, but the greater part of the study was made from material 
fixed in Bouin’s picric acid solution, sectioned 4-5/x in thickness, and 
stained with Flemming’s triple combination of safranin, gentian 
violet, and orange G. The characteristic structures were shown 
almost equally well in material fixed in Carnoy’s and stained with 
Heidenhain’s haematoxylin. 

ASEXUAL REPRODUCTION 

The process whereby the conidia of Ceratostomdla Jimbriata are 
abstricted within the sheath of the conidiophore has been discussed 
at some length by Halsted and Fairchild {IS), and more recently 
Lehman {20) has^ contributed some additional facts. The asexual 
spores of C, fimbriata are of two types, oval spores of olive-brown 
pigmentation^ and hyaline spores that are mostly linear in shape and 
extremely variable in size. 

Lehman {20) presented evidence to show that the walls of the endo- 
conidia were generated anew by the protoplast and were not the 
result of longitudinal splitting of the conidiophore wall as claimed by 
Brieiiey (^) for the endoconidia of Thielavia basicola (B. and Br.) 
Zopf. "Additional evidence of this fact is adduced here from the 
frequent presence of an intercalary element between newly formed 
endoconidia. The structure shown at a in Figure 1, G, may consist 
of lamellar substance that has adhered to the base of the newly 
abstricted spore. Lehman {20) further contended that the thick- 
walled olive conidia were in no case formed endosporously, since the 
protoplast is distended from the ruptured tip before the conidium, is 
abstricted. (Fig. 1, C, a.) In material with olive conidia formed in 
great abundance, a considerable number of spores can be found with 
two distinct walls, the inner wall appearing to be that of an endo- 
spore. (Fig. 1, B.) In Figure 1, A, the outer wall of the spore is 
shown to be continuous with the sheath of the conidiophore, with the 
line of rupture just visible. 

Germination of the thick-walled olive conidia (fig. 1, D), figured by 
Harter and Weimer {16), appears to occur rarely. Hyaline conidia 
(fig, 1, E to L) are capable of germinating as soon as they are dis- 
charged from the sporophore, and water mounts from any area of a 
colony on agar media will usually show large numbers of germinated 
and germinating spores which disintegrate after having formed a 



EXPLANATOEY LEGEND FOR FIGURE 1 


A-p-~qb^e.-brown thick-walled comdia. X 1,500. A and B indicate that the first abstricted spore is 
d^ible w^led; spores produced later from the same conidiophore are single walled. 

E-L.—Hyaline conidia. 

E. — Conidiophore showing hyphal fusion at its base. X 1,000. 

F. — Separation of the spore wall from the conidiophore end wall at a as a result of plasmolysis. X 1,500. 
n* rrobabiy a remnant of the middle lamella (a) shown at ba.se of recently abstricted spore. X 1,000. 
H,.I.-~Germinated spores forming new endoconidia. X X,000. 

J.—Early stage in germination. X 1,000. 

X, L.—E’^cuation of spore contents after germinationj contrast with H. X 1,000. 

A-D and F from stained sections, others from live material. 



Figure 1.— 'Endoeonidia of OerdtoMomeUa fimbriata 
For explanatory legend see opposite page 
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cliaiii of smaller encloconiclia. There is normally no evacuation of 
spore contents as appears in Figure 1, K, L. The one or more germ 
tubes form at a characteristic angle to the conidiiim (fig.^ 1 , H to L) , and 
may proceed at once to the formation of new endoconidia (fig. 1, H). 

ill Petri-dish cultures and on sweetpotato roots in moist chambers, 
the aerial chains of conidia collapse and become suspended in droplets 
of water which condense among the aerial hyphae.^ Under these con- 
ditions large numbers of the hyaline spores germinate and the germ, 
tubes grow downward to the surface of the medium. Conidia dis- 
charged beneath the surface of the agar germinate aiicl grow^ iipwmrd, 
discharging new endoconidia above the surface of the medium. 
Germinating conidiospores very frequently fuse with one another and 
with neighboring hyphae, forming an irregular entanglement of aerial 
myceliimi having considerable rigidity. 

INITIATION AND DEVELOPMENT OF PERITHECIA 

Mature perithecia of Ceratostomella jimbriata are black, membrana- 
ceous, and appear dark brown under magnification. The long beak or 
peritliecial neck may reach a length of 1 mm. (Fig. 2, A.) Perithecia 
frequently occur on the host under field and storage conditions but 
are formed more abundantly on agar plate cultures. They are nor- 
mally superficial, sometimes partially immersed, and frequently 
inclosed in an almost stromatic growth of conidiophores and germi- 
nating conidia. (Fig. 2, B.) Perithecia are formed more abundantly 
in certain cultures than in others, but a large number of single asco- 
spore isolations have failed to reveal any evidence of sexual strains. 
The antheridium and oogonium are borne on the same hyphal branch. 
Two or more perithecium initials are occasionally involved in what 
later develops into a single perithecium (fig. 3, P), but such a coales- 
cence of two or more perithecia may occur at any later stage in de- 
velopment and has no sexual significance. (PI. 1, A.) Many types 
of hyphal fusions and fusions of conidia with mycelium occur in all 
cultures and are regarded as having no relation to sex. The fungus 
is, therefore, considered to be completely self-fertile, or perhaps 
partlienogenetic, since the antheridium does not appear to function in 
fertilization. 

The peritheciiini initial is earliest recognized as a hyphal branch 
with a tliin-walled and slightly recurved hyaline tip and with one or 
more short hyaline lateral branches. (Fig. 3, A to 0.) Tlie perithe- 
cial stalks appear to be identical with those structures which ordinarily 
develop into conidiophores. All cells involved in the development of 
the perithecium initial are uninucleate. The recurved terminal 
portion divides into three cells (fig. 3, H, J, Q), the middle or sub- 
terminal one of which becomes the oogonium. This very character- 
istic 3-cell arrangement is distinguishable in water moimts of fresh 
material as well as in stained sections. 


EXPLANATOET LEGENjO FOB riGUKE 2 

' A.““Matiire perithedum., . X 250. '■ 

section through an aggregation of perithecia in various stages of development. 

X 100. 

C,— Photomicrograph of section through a young perithecium, showing oogonium in its initial binucleate 
stage. X 530. ■ , , 

I).— Same, with oogonium in 4-nucleate stage. X 530. 

E.— Same, after the oogonium has divided into 2 binud^te cells. X 530. 




0 


Pfee 

i.'- 




■\|f*- r’*, ■» - 

■ *4^ -r.il/ 

,t> « 


Reproduction in Oeratostomella fimhriata 


June 15, 1933 


Figure 2.— -Peritheda of Ceratostomella fmibriata 
Por explanatory legend see opposite page 
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The antheridium is the first lateral branch formed below the oogo- 
nium. (Fig. 3, A to C, I to O.) Structurally it is identical with the 
branches fonned later from the same and lower nodes of the perithecial 
stalk. (Fig. 3, R, S.) It is strange that the recurved oogonium 
shouM display such intimate contact with this particular organ, for 
apparently a iusion between the two structures rarely if ever occurs. 
Certainly' there is no proof from the writers’ preparations that a nu- 
cleus from the antheridium passes into the oogonial cell, either di- 
rectly or through the terminal cell. On the other hand, there is 
evidence that a nucleus from the terminal cell of the ascogone may 
migrate into the oogonium, a phenomenon comparable to that 
believed by Faull (5) to occur in Laboulbenia chaeto-phora Thax. 

It has been observed in two instances that two nuclei are present in 
the terminal cell at a very early stage. (Fig. 3, Q, and fig. 4, A.) 
Tliis might suggest that the terminal cell acts as a trichogyne in con- 
jugation with the antheridium, but evidence of such a conjugation is 
entirely lacking. The few clear cases showing an actual fusion appear 
to involve sterile structures and are unaccompanied by nuclear activ- 
ity. (Fig. 3, V to X.) Figure 4, A, especially might be adduced as 
evidence "that the oogonium is fertilized by a nucleus from the terminal 
cell. Here the wall separating the tip cell from the oogonium is 
incomplete, wMle the tTVo identical nuclei in the tip cell are probably 
the result of a recent nuclear division. In later stages a single nucleus 
is found in the tip cell, which frequently persists without loss of turgor 
for some time after the paired nuclei are present in the oogonium. 
(Fig. 3, T, and fig. 4, B, F.) 

The presence of a 3-celled structure previous to the origin of the 
paired nuclei, as shown in Figure 3, H, J, should be emphasized for 
the reason that it resembles very closely the supposed 3-celled asco- 
gone of Sphaerotheca castagnei L6v., which, according to Hein (17, 
p. 400 and Jig. 38), is formed after fertilization. These structures in 
Oeratostomella fimbriata can be seen in live material before there has 
been any possible fusion of oogonium with antheridium; and if the 
3-celled ascogone is truly a sporophytic growth, it must be concluded 
that the origin of the paired nuclei does not depend upon the migra- 
tion of a nucleus from an antheridium. 

In Figure 3, Y, is represented a curious and conspicuous structure 
that is characteristically present at an early stage in perithecial 
development. Its appearance at once suggests a trichogyne. Per- 
haps it is a vestige of an ancestral copulatory organ, comparable to 
the trichogyne of some alga or lichen. On the other hand, were it not 
for the fact that the organ (fig. 3, Y, a) is so frequently present at just 


EXPLAN.ITORY LEGEND FOR FIGURE 3 

A-H.—Initial organs of perithecial stalk drawn from live material; a, antheridial, and ft, oogonial branch. 

.,x m ■■■ . ■ 

l_0.— Initial organs drawn from stained sections. The terminal recurved portion in each case is the 
oogonial branch. X 1,000. 

P. —Two perithecial initials involved in a single coil. X 1,000. 

Q. — Perithecial initial showing 3'Celled ascogone. Fertilization results from the migration of one nucleus 
from cell ft into the oogonium, a; antheridium probably at c. X 1,000. 

S.™]Later stage, showing first outgrowth of hyphae that envelop the oogonium. X 1,000. 

T .--Perithecial initial showing 3-eelled ascogone with fi.rst layer of enveloping hyphae; oogonium shown 
at 0, with tip cell (ft) and basal cell of ascogone (c). X 1,000. 

V.~- Young perithecium showing oogonium (a) after first nuclear division. X 1,000. 

\ , 'V\ .--Aborted peritheeia ; cell fusions at a involve sterile structures. X 1,000. 

X. --Same; a and ft show adjacent sections of same structure. X 1,000. 

Y. — Perithecial initials at a, ft, and c, showing an accessory organ curiously suggesting a trichogyne. 
X 1,000. 
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this stage, it might be regarded as simply a modified or aborted conid- 
iophore, such as may frequently be seen growing from the superficial 
layers of older peritbecia. It seems sufficiently clear that this append- 
age is not concerned with fertilization. The structure can. not be 
identified in later stages and is apparently absorbed in the grbmng 
peritheciiim. 



Figure 3. —Initiation of perithecia in CerataUomella fimbriota 
For explanatory legend see opposite page 
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MULTIPLICATION OF ASCI WITHIN THE PERITHECIUM 

As the perithecium enlarges externally by new hyplial growth the 
inner cavity enlarges, apparently by digestive, action. (Fig. 4, I, and 
fig. 5,) • Dissection of a live perithecium reveals activity in the cavity 
resembling yeast or bacterial fermentation in such a striking manner 
that the presence of a parasite was at first suspected. Later observa- 
tions led to the discovery of a method of ascus multiplication that, 
judging from previous accounts of Pyrenomycete development, 
appears to be peculiar to GeratostomeUa fimbriata} In the following 
paragraphs an attempt will be made to trace the course of develop- 
ment of the oogonium and of the cells that result from its division. 

The subterminal cell of the perithecial stalk becomes binucleate 
before any enveloping hyphae are in place, and this binucleate condi- 
tion persists up to the time of ascus formation. No nuclear fusion 
occuis in the oogonium, as claimed by Harper and others (11, 15, 17) 
for other Ascomycetes. The only fusion of nuclei occurs in the young 
asci. 

The oogonium forms a core for the young fruiting body (fig. 3, T), 
the nuclei and cell plasm become separated from the wall, and the 
protoplast lies free in the cavity of the perithecium (fig. 4, B, C). 
The protoplast remains undivided for a brief time after the first 
layers of enveloping hyphae are in place. (Fig. 2, C, D; fig. 3, T; 
and fig. 4, B to D.) Nuclear divisions then occur, resulting in a 
cell with four to eight nuclei. (Fig. 3, U, and fig, 4, E to H, J, K.) 
The 4 to 8 nucleate body then undergoes a division or fragmentation 
(fig. 2, E; fig. 4, I, L; and fig. 6, A to C), and further division of the 
daughter cells and their progeny results in a multitude of apparently 
naked cells embedded in a nutrient medium and entirely detached 
within the enlarging perithecial cavity_ (fig. 5, and fig 6, D). 

The division of the daughter cells, following fragmentation of the 
oogonium, takes place in the binucleate condition (fig. 6, E, a), so 
that cells with four nuclei are frequently found before the constric- 
tion is complete (fig. 6, E, h to d). Later, certain of these cells fail 
to undergo any further division; the two nuclei fuse and the cell 
enlarges to form a young ascus. (Fig. 6, P, G, H.) The various 
stages in the nuclear fusion, as shown in Figure 6, J, are observed 

^ Some eytological preparations have been made of CeratostomcllaXFmdocomdiophora) coerulescens (Miinch) 
Clements and Shear, and these indicate that an essentially similar method of ascus multiplication occurs 
in this species. 


EXPLANATORY LEGEND FOR FIGURE 4 

A. — -Peritheci^ initial showing fertilization occurring simultaneously with the appearance of the first 
enveloping hyphae; constriction cutting off the tip cell from the oogonium at a (incomplete). 

B— Young perithecium showing 3-oelled ascogone after the tip cell (6) is separated from the 
oogonium {a}. 

C.— Same stage as B; either the tip cell is not shown or in this case it has become the oogonium, 

B. —Early stage with the old hyphal wall still intact about the oogonium at a; terminal cell of ascogone 

not shown, . _ ' , 

E, — Later stage, after nuclear divisions have occurred in the oogonium. 

F, -— Early stage with the three cells of the ascogone still visible. The signidcance of the apparently 
degenerate nuclei in the oogonium at a is not clear. 

G, — Young perithecium after first nuclear division of the oogonium, 

f . —Same, showing oogonium just before cell division, 

-Same, following the first fragmentation. 

J.— Oogonium in 4>nucleate stage. 

R,— Oogonium with eight nuclei previous to fragmentation, 
a l^-~‘^scogenous cells resulting from division of the oogonium. A nuclear division has occurred in the 
daughter cell «, and cell b shows nuclei in process of division. Dotted lines in J, K, and L indicate the limits 
of the perithecial cavity. 

All figures X 1,000. 
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regularly and clearly. The remaining cell of the recently divided 
pair will undergo a further division (fig. 6, F, c), and one of its progeny 
will form an ascus. It is natural to assume that each daughter cell 
nornially receives nuclei of diverse lineage. The only evidence of the 
relationship of paired nuclei must be based upon their observed con- 
jugate division and their relative positions at the time of fixatioBy and 
upon this basis it can not be said with certainty that the two nuclei 
which fuse in the ascus are not sister nuclei. 



riGXJRE 4.---Developmeiit of perithecia in Ceratostomella fimbriata 
r or explanatory legend see opposite page 
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Free cells of various sizes with 1, 2, and 4 nuclei can be found 
intermingled in the peritheoial cavity even before the fruiting body 
is half niature. (Fig. 5.) These young ascogenous cells may cling 
togethei' in series of two to four, but they are without hyphal con- 
nection with the wall of the perithecium. In those cases in which 



Figuee 5,~Peritbecium of Ceratostomella firnbmta at beginning of beak formation, showing cona- 
tion of peritheoial walls and arrangement of ascogenous cells in the cavity. X 700 


cells cling together they do so by a very slender filament. (F''ig. 6, 
E, d.) The connected cells frequently form short chains not wholly 
unlike the series of asci described by Paidl (8, fig. 38, vl. 38) for some 
of the Laboulbeniales. 

Contrary to claims made by Elliott (7), no structures resembling 
ascogenous hyphae are found at any stage in the development of 
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PLATE 1 



Perithecia of Ceratostomella: A, Photomicrograph of section showing coalescence of immature peri* 
thecia of C, fimbriata: the original wall of separation is nearly consumed by digestive processes in the 
two cavities. X 400. B, Photomicrograph through section of immature perithecium of C. adiposum 
showing radially disposed columns of ascogenous cells. X 400. 
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Airaiigeiiient of asei in perithecia of Ceratostomelia fimbriata: A, Mature fruititig body with most of co; 
tents collapsed against the walls of the perithecium. X 500. B, C, Detail showing asei with inii- 
resieleat a. X 660. 
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the peritheciimi. Instead of forming ascogenous hyphae, the proto- 
plast of the oogoniuni breaks up into biniicleate ascogenous cells 
which after a series of further divisions develop into asci. (Fig. 6.) 
The absence of cell walls and of cross walls permits the (Jividing 
protoplasts to separate easily. (Fig. 6, G.) Thus for the *most 
part the numerous cells are wholly detached from one another but 
frequently remain in apposition, forming irregular series of two to 
four cells. (Fig. 6, F, G, H.) 

The first stage of division of the ascogenous cells is characterized 
by the appearance of a simple cleft, as shown in Figure 6, E. The 
fissure increases, until the protoplasmic connection is broken. (Fig. 
6, G.) The cells in process of division form structures resembling 
ascus hooks, or what are often referred to as ^^croziers’^ {26). (Fig, 
6, E.) It is clear that Varitchak {26) may easily have been misled 
into supposing that true ascus hooks are formed in Ceratostomella 
piceae Mtinch. With few exceptions his figures show structures 
that appear identical with those found in O. fimhriata y in. which 
there can be no doubt as to the mechanism of the dividing cells. 
There are no ascogenous hyphae with croziers, but simply free cells 
dividing by a peculiar process of constriction. (Fig. 6, E.) The 
type of septation shown in Varitchak^s Figure 2, g, Plate 10, has not 
been observed in C. fiiribriata^ although it is not inconceivable that 
a division might occasionally take place in such a fashion. Flis 
figures do not indicate that this is the usual procedure in C. piceae. 
In C. fimhriata^ a daughter cell is rarely abstricted with a single 
nucleus, leaving three nuclei in the parent cell. (Fig. 6, I, 6.) A 
cell is sometimes found dividing as shown in Figure 6, I, c, where an 
extra nuclear division has taken place in advance of the separation of 
the daughter cells. Such irregularities in cell mechanics might well 
be anticipated. ^ 

After the initial stage the perithecial wall assumes two well-marked 
zones — ^an inner zone of very thin-walled colorless cells that are 
being rapidly digested, and an outer zone of relatively thick-walled 
pigmented cells where new layers are being constantly added. 
(Fig. 5.) Neither paraphyses nor periphyses are found at any stage 
in the development of the perithecium. 

The smallest and most recently formed ascogenous cells are found 
normally in close proximity to the lining of the cavity. (PL 2, A.) 
However, they are disposed at all angles and are often found in the 
center, remote from the perithecial wall. (Fig. 5.) It is important 
to note that the digestion of the inner wall of the perithecium appears 
to take place equally in all directions, so that there is no possibilitj?' of 
the central core of ascogenous cells retaining their original connection 
with the crown of the perithecial stalk. There is thus entire absence 
of hyphal connection with the body of the perithecium, except, per- 
haps, as may rarely result through secondary attachments of the iso- 
lated protoplasts. The semiliquid debris resulting from the recently 
digested inner cells of the perithecium forms an excellent medium for 
orientation of the unwalled cells. The absence of a cell wall possibly 
facilitates the nutritive relation of the ascogenous cells with the inediuto 
in which they are embedded. This apparently naked condition begins 
with the single-celled oogojiium and is maintained until the asci are 
in process of maturation, at which time a new wall is formed endoge- 
nously, as will be shown later. 
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Figdre 6. Division of aseogenous cells and maturation of asci in Ceratostomella fimbriata 

For explanatory legend see opposite pa»e 
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The structure of the young asci and of the dividing cells as shown in 
Figure 6, A to M, can not readily be seen by dissecting the live peri- 
thecia in water. The tiny, unwalled, and almost colorless cells be- 
come dissolved or lose their form completely in water. But they can 
be demonstrated clearly by crushing or dissecting the perithe^a in 
Amann^s solution with nigrosine as a stain.^ This solution both kills 
and fixes the material, and the naked protoplasts stain a faint blue 
with the nigrosine. 

The chains of ascogenous cells in Ceratostomella adiposum (Butler) 
Sartoris appear as simple columns of two or more cells regularly dis^ 
posed about the interior of the perithecium as described by Sartoris 
{24) > An examination of some of Sarboris’s slides and of fresh material 
of C. adiposum confirms his observation that asci are formed by a 
simple terminal abstriction of binucleate cells. Sartoris places no 
emphasis on the fact that these columns of ascogenous cells are not 
growing out of the wall of the perithecium or from any basal hyphae 
lining the cavity, but are, like the ascogenous cells of (7. fimhriata, 
disposed unattached within the perithecial cavity and are in fact 
growing toward the periphery of the perithecium. (PL 1, B.) The 
ascogenous cells appear to consume the body of the perithecium by 
continual growth from the center outward. (Fig. 5; pi. 1, A; and pL 
2, A.) In other words, the inner wall of the perithecium is rapidly 
digested, perhaps by an enzymatic action on the part of the rapidly 
multiplying free cells, which continuously encroach upon the limits 
of the cavity. 

MATURATION OP ASCI 

The first asci begin to mature at about the time the perithecium 
has attained approximately one-half its full diameter and when the 
beak or neck of the perithecium has just begun to form. (Fig. 5.) 
From this time on, ascogenous cells in all stages of development can 
be seen in the same perithecium, the younger cells prostrate and 
lying at all angles near the wall of the cavity. 

The preponderance of asci in the fusion nucleus stage (fig. 6 , J, f) 
indicates that this stage persists for a relatively long period, while 
the subsequent 2, 4, and 8 nucleate stages occur in rapid succession. 
The nuclear behavior from the beginning of the first division to the 
complete delimitation of ascospores is very obscure; only rarely can 


s The following formula was used in this work: 1 part concentrated lactic acid, I part phenol, ! part 95 
per cent alcohol, 2 parts glycerin. Add a few crystals of nigrosine. 


EXPLANATORY LEGEND FOR FIGURE 6 

A-D. —Early stages in the fragmentation of the oogonium. Cells with four nuclei are prepared for another 
cell division. Dotted lines indicate limits of perithecial cavity. (Refer to fig. 4, 1.) 

E. — Stages in division of ascogenous cells; a, before nuclear division; b-e, after nuclear division, showing 
separation of daughter cells; two nuclei in upper cell of c have fused in forming a young ascus. 

F, G.— Further proliferation of ascogenous cells; in each case one daughter cell forms an ascus while the 
second cell prepares for another division. 

H — Linkage of asci and ascogenous cells after successive divisions. 

I.— Irregularities in cell division; a is probably the result of a division such as is shown in c; f>, unequal 
division.. 'v ■ . • 

J .— Nuclear fusion in the ascus (a->e); young ascus (/L 

K. —Nuclear contraction in the ascus; a, before contraction; M, stages in contraction showing origw of 
the ascus vesicle. It appears in d that the nucleolus is being ejected from the vesicle. 

L. — First nuclear division in the ascus; wall of the vesicle distinct in a and very faint in 6. 

M. — Further expansion of the nuclear membrane to form the wall of the ascus; 4-nucleate stage in a, 
faint spindle-shaped structures in indicates the obscure nuclear behavior during spore delimitation. 

N. — Maturation of ascospores; a shows ascus and eight young spores with outer integument of cytoplasm 
still adherent to the ascus; 6, ascus with eight mature spores. 

AH figures X 1,500. 
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the several stages shown in Figure 6, L, M, be seen clearly, the outline 
of the vesicle alone remaining distinct. Most frequently the asci 
have the appearance indicated in Figure 6, M, r, from which it would 
appear that the nuclei during this jiieriod do not usually enter a resting 
stage “until the eight spores are formed. 

The first nuclear division in the ascus is characterized by the 
development of an ascus vesicle, the w^all of which appears to be the 
membrane of the fusion nucleus. (Fig. 6, L, a.) All three divisions 
and the later delimitation of ascospores, therefore, take place within 
the nuclear wall. (Fig. 6, K to N, and pL 2, B, C.) Jn some cases 
the first indication of the ascus vesicle is the contraction of nuclear 
substance, resembling a nuclear plasmolysis. (Fig. 6, K, 6, c.) In 
Figure 6, K, there is e^fidence that the nucleolus is ejected from the 
vesicle just preceding the first nuclear division, but there is no reason 
to conclude that this is the usual procedure. The regular disappear- 
ance of the nucleolus may be accounted for in some other fashion. 
That the nucleolus at this stage corresponds to a plasmosome (^7) 
is indicated by its affinity for plasma stains rather than chromatin 
stains, and the possibility should not be overlooked that it may 
perform some active function in the formation of the vesicle wall and 
of the cytoplasm within the vesicle. 

The vesicle expands rapidly and continuously during the period 
of nuclear divisions (fig. 6, L, M) and has reached nearly the dimen- 
sions of an ascus by the time the eight young spores are formed (fig. 
6, N, a). The ascospores undergo a further increase in size, and this 
expansion usually succeeds in rupturing the membrane, leaving the 
spores free within the peri thecium, from which they are ejected through 
the beak in a mucilaginous coil. The extreme fragility of the mature 
ascus wall is indicated by the fact that asci can rarely be found with a 
full complement of eight mature spores. (Fig. 6, N, &.) Those asci 
observed by dissection of perithecia in water have partially broken 
walls or contain immature spores. 

So far as the writers are aware, no one has reported previously a 
case in which the wall of the fusion nucleus becomes the wall of the 
ascus. The procedure is doubtless peculiar to those species of 
Pyrenomycetes whose asci in their younger stages a, re without a 
definite wall. The nuclear contraction just preceding the first 
division is perhaps comparable to the contraction phase frequently 
described in the literature on ascus cytology, but in such cases the 
nuclear membrane does not persist as in Ceratostoniella fimhriata. 
In regard to the nuclear divisions in the ascus, Elliott (7, p. JM) 
observed that “these divisions occur wdthin the nuclear-plasm, which 
in many cases is distinctly separate from the cytoplasm of the ascus. 
He does not account for the origin of the ascus wall, doubtless for the 
reason that he failed to observe the essentially naked condition of the 
young.'asci. , 

In describing the life history of the red alga Polysiphonia violacea 
Grev., yamanouchi (^5, 0 . 4^, p. 4^/) writes as follows: 

is a remarkable fact that the membrane of the original nucleus in the 
letraspore Mther-cell persists through the two mitoses which have just been 
aescribed. The area included by this membrane increases in size with the 
growth of the cell. 

^ In a later paper Yamanouchi .4^, pi. ,^7) illustrates this 
in the development of the tetraspore mother cell of Polysiphonia. 
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The phenomenoii apparently has little relation to the origin of an 
ascus wall in Ceratostomella. 

Sartoris (24) apparently overlooked the occurrence of ascus vesicles 
in Ceratostomella ad/iposum, although they appear clearly on his 
slides. In a personal discussion of this point Sartoris expressed him- 
self as favorably disposed to the interpretation that an ascus wall is 
formed endogenously in C, adiposum. It is true that a vesicle 
appears to be absent in many of the developing asci in both C. 
Jimbriata and C. adiposum, but it also appears that many groups of 
ascospores mature in complete absence of a retaining wall. It was 
this condition which probably misled mycologists for ‘a long time in 
supposing that the perithecia of these fungi were pycnidia, producing 
numerous free pycnidiospores. 

DISCUSSION 

An attempt has been made to throw additional light on a much 
neglected field of fungus morphology — early perithecial development 
in the Sphaeriales. The results of a previous study on the develop- 
ment of Ceratostomella Jirnbriata by Elliott (7) indicate that the 
organism conforms to the familiar views already held regarding 
Ascomycete morphology. The present investigations, however, do 
not support Elliott^s conclusions in many particulars. 

In the material studied by the writers it is clear that both anther- 
idium and oogonium are borne on the same hypha. (Fig. 3, A to O.) 
If a conjugation takes place at all it is between structures genetically 
separated by not more than three cell divisions. It is believed, 
however, that fertilization in Ceratostomella jimbriata is accomplished 
by the migration of a nucleus from the terminal cell of the ascogone 
into the subterminal cell or oogonium. (Fig. 3, I, Q, and fig. 4, A.) 
In those species of Ascomycetes where a union of male and female 
elements can be demonstrated by the methods of hybridization, the 
question of fertilization to that extent may be regarded as closed (4, 
22) ; but in those species, such as C, Jimbriata, where a like method 
appears unavailable, no positive conclusions can be reached. Even 
though a conjugation of two elements can be adequately demon- 
strated, proof is yet lacking that this constitutes an effective sexual 
act., 

Dangeard (S) speaks of the antheridium of some Pyrenomycetes as 
a “trophogone, inferring thereby that a fusion of a ‘^trophogone’^ 
with an oogonium has only a nutritive value. However, convenience 
may justify the use of the term “ antheridium, although it is sup- 
posed, in the absence of proof of nuclear migration from antheridium 
to oogonium, that a fusion of these structures is not sexually effective. 
In the case of Ceratostomella Jimbriata there is no proof that anther- 
idium and oogonium ever fuse, although the two structures can be 
easily identified at the stage where such a fusion would be expected to 
occur. Yet there seems to be no reason to doubt the numerous reports 
of Harper and his students wherein a true fertilization is described for 
a number of species of Ascomycetes. Attention should be call^ 
only to the situation in many Phycomycetes where development of 
the oogonium proceeds whether or not copulation takes jplace (5, 9)\ 

The absence of a nuclear fusion in the oogonium of Ceratostomella^ 
Jimbriata may indicate further that the paired nuclei have not resulted 
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from copulation but have developed spontaneously in the terminal 
region of the ascogone. (Fig. 4, A.) Gwynne-Vaughan and William- 
son (11) have recently reaffirmed a conviction that nuclear fusions 
occur following conjugation in Pyronema. It is a familiar fact, 
however, that nuclear fusions at tffis stage have been seriously ques- 
tioned by various observers, even in Pyronema. 

The oogonium of Oeratostomellajimbriata may be compared to that 
of species of Endomyces, or to that of Sphaerotheca castagnef In 
Endomyces magnusn'Ludwig (10) the oogonium develops directly 
into a single ascus. In 8. castagnei (14, 17) the oogonium by division 
forms a series of three to five cells, only one of which normally becomes 
an ascus. In C. fimhriata the oogonium, by its division and by 
further division of its progeny, forms a multitude of cells all destined 
to become asci. 

Three unique features in the process of ascus multiplication^ in 
Ceratostomella fimbriata deserve particular emphasis. One consists 
in the complete absence of any hyphal connection between the body 
of the perithecium and the ascogenous cells that occupy its interior. 
(Fig. 5.) Such a wholly unorthodox situation appears less remarkable 
when it is recalled that the ascogenous cells are not derived from 
ascogenous hyphae but result from a progressive cell fission that 
begins with the original protoplast in the subterminal cell of the 
ascogone. (Fig. 6, A to D.) We need further to recall that the need 
for connecting hyphae in obtaining nutrients is obviated by the 
condition that the ascogenous cells are themselves embedded in a 
nutrient medium. 

Varitchak (26) speaks at considerable length of the ascogenous 
hyphae in Ceratostomella piceae, whereas his figures show practically 
no evidence of these structures, and in view of the observations made 
with respect to O. fimhriata it appears doubtful if ascogenous hyphae 
are formed in C. piceae. Varitchak regards the crescent-shaped and 
recurved cells in the perithecium of C. piceae as ascus croziers, sup- 
posing that the penultimate portion becomes an ascus while the 
ultimate and antepenultimate cells fuse to form a second one, such 
being the manner in which a crozier is supposed to function. Never- 
theless, his figures indicate that asci may be formed by a simple cell 
fission essentially identical with the process in C. fimbriata. 

The division of ascogenous cells in Ceratostomella adiposum differs 
from that in C. fimhriata only in appearance. In both species there 
is a_ simple fission of binucleate cells. In C. fimhriata the progress of 
fission produces curious _ structures superficially resembling ascus 
croziers, and the manner in which the young asci cling together (fig. 
6, H) suggests the serial arrangement of asci in Ldhoulbenia chaeto- 
phora (8). In C. adiposum such hooked structures are seldom found; 
the dividing cells remain in apposition along the entire plane of 
fission, so that neat rows of cells are formed that stand side by side 
and give a false appearance of a hymenium lining the whole iimer face 
of the perithecium. (PI. 1, B.) 

,A second feature of particular interest is the apparently naked 
condition of the ascogenous cells and young asci. The absence of a 
cell wall begins with the primary ascus or oogonium (fig. 4, G) and 
appears first as a plasmolysis or shrinkage of the protoplast away from 
its wall. The dehcate membrane that was once the hyphal wall can 
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still be seen as indicated in Figure 4, D, a, but from this point on 
the tiny protoplasts multiply in an essentially naked condition until 
a new wall is fonned endogenously in the ascus. (Fig. 6, K to N.) 
There is no indication that the protoplasts may be bounded^by a 
plasma membrane of a more definite nature than a simple surface 
film.^ The frequently angular shape of the dividing cells indicates a 
considerable degree of firmness or rigidity of the protoplasm inde- 
pendent of any surface film. The intimate contact of the unwalled 
cells with the semiliquid debris resulting from the digestion of the 
inner cells of the perithecium must eliminate any need for hyphM 
connections with the base of the fruiting body. 

Another feature in the life history of Ceratostomella JimbriatcL which 
is unknown among other ascomycetous fungi so far studied is the 
endogenous formation of an ascus membrane. By this process the 
wall of the fusion nucleus becomes the wall of the ascus. Among the 
Ascomycetes that have been studied cytologically, it has been fre- 
quently reported that the spindles are formed within the nuclear 
wall during the meiotic divisions. In no case, however, has it been 
shown that the original membrane of the fusion nucleus persists 
through the three divisions and finally incloses the eight ascospores, 
although this appears to be the usual procedure in O. fimhriata, 
(Fig. 6, K to N.) If one considers that all the young asci here have 
developed in the absence of a wall, it may appear that such a persist- 
ence of the nuclear membrane has a peculiar utility for this and related 
species. 

There are certain theoretical objections to the view that the asco- 
spores are delimited within the membrane of the fusion nucleus. The 
interpretation does not accord easily with the view that cytoplasm 
and nucleoplasm are multiplied independently of each other. It does 
accord with the view that cytoplasm may be a product of nuclear 
activity. It is of course possible that the wall of the vesicle (fig. 6, 

L, and pi. 2, B, C) did not originate as the nuclear wall itself; there 
are cytologists who would perhaps deny that a nucleus has a wall of a 
more definite nature than a simple film separating one cell phase from 
another. It is possible that a new wall is produced in the cytoplasm 
closely surrounding the nucleus. The stages shown in Figure 6, K to 

M, however, indicate fairly conclusively that the nuclear membrane 
becomes the wall of the ascus.® 

Seeking among other fungi for a parallel to the process of free cell 
division in Ceratostomella, one finds what at first promises to be a 
close approach in Monasciis purpureus Went, as described by Ikeno 
{18) in 1903. According to Ikeno, there occurs what is essentially a 
fragmentation of the ascogonium, or the aggregation of cytoplasm 
about certain nuclei, so that numerous isolated cells or ^‘Cytoplasma- 
ballen ” are formed. These isolated cells undergo a further fission and 
ultimately form sporangia” or asci of six to eight spores. Ikeno, 
supposing that the fungus was not a true Ascomycete, regarded the 
free cells as “ spore mother cells. ” 

A further search of the literature on Monascus shows a remarkable 
series of contradictions and reinterpretations {1,19, S5), culminating 


8 In respect to the multiplication of asci by the division or fragmentation of naked and unattached cells 
the observations reported here are supported by those of Mittmann (If). Apparently due to a misinter- 
pretation of the nucleus, Mittmann does not reach the same conclusion in regard to the origin of the ascus 
wall. The structure which she identihes as a nucleus is believed to be only a nucleolus,, as will be shown, 
clearly by comparison of her drawings with Figure 0 of this paper.. 

: ■ i587_33__2 
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in the most recent new ''interpretation'' by Young (29) on AJonascus 
ruber Tiegh. This paper gives an entirely new aspect to the^'Cyto- 
plasmaballen of Ikeiio, the author supposing that they are in fact 
ascospores in process of formation. Young does not account satisfac- 
torily for the final multiplicity of asci, and her interpretation is not 
entirely con educing to one familiar with the sequences in the develop- 
ment of these organs. There is still a strong possibility that the 
earlier deductions of Ikeno may prove to be essentially correct. 

One fact stands out conspicuously in most of the work done on the 
morphology of fungi of this type. Tliis is the obscurity surroimding 
the early stages in the multiplication of asci. For most of the Sphae- 
riales these stages have been passed over lightly, it being supposed that 
ascogenous hj^phae are formed comparable, for example, to those in 
Pyronema (fl). It is becoming increasingly evident that the study 
of ascomycetous fungi should include a more careful examination of 
early stages of development and that classification should not follow 
too closely the characters of the mature fruiting body. It is possible 
that in the early proliferations of the ascogonium will be found char- 
acters of much Audue in indicating relationships among Pyrenoinycetes. 

Certain features in the life history of Ceratostomella fimbriata dis- 
cussed in this paper may be regarded as unique among true Ascomy- 
cetes. They perhaps indicate some degree of affinity with the Hemias- 
comycetes. * That these same features are essentially true also for 
C> adi'posuM has been borne out by limited observations on the latter 
species. It appears probable also that corresponding stages in the 
development of C. inceae as reported by Varitchak (26) (judging from 
his figures rather than his statements) differ only in detail from those 
in C. fimbriata and C. adiposum. The process of free cell fission in the 
perithecium as described here might well be regarded as an adequate 
basis for a new order of Pyrenomycetes. The process possibly is 
associated with the deliquescence of asci in the perithecium, a feature 
that distinguishes a considerable number of the Sphaeriales, but such 
an association can not be assumed to exist. Therefore, if a truly 
natural classification of fungi is an ideal worth attaining it will require 
a closer scrutiny of developmental processes than has been devoted 
to them in the past. 

SUMMARY 

Asexual reproduction in Ceratostomella fimbriata is accomplished 
by two conidial forms. Both types of conidia are abstricted within 
the sheath of the sporophore and are known as "endoconidia." 

The fungus is one of a group of Pyrenomycetes notable for the 
early disintegration of ascus walls. 

The organism is entirely homothallic. Antheridium and oogonium 
are borne on the same hyphal branch. A large number of single 
ascospore isolations have failed to reveal any evidence of sexual strains. 

The antheridium is believed to be functionless, fertilization being 
effected by a nucleus arising in the terminal region of the ascogone. 

JFhe^^^ cell of the perithecial stalk normally becomes 

bmucleate before any enveloping hyphae are in place, and this binu- 
cleate condition persists up to the time of ascus formation. 

There is only one nuclear fusion in the life cycle; this occurs in 
the young asci 

^ The oogonium becqmes the primary ascus ceU; its wall dissolves, and 
it lies free in the cavity of the young perithecium. 
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As the perithecium increases in size by new hyphal growth a diges- 
tive action enlarges the inner cavity by a dissolution of the internal 
cells. 

Neither paraphyses nor periphyses are formed. 

No ascogenous hyphae are formed. Fragmentation of the oogonium 
and of its daughter cells results in a multitude of naked cells embedded 
in a nutrient medium and entirely detached within the perithecial 
cavity. 

These ascogenous cells may cling together in series of two to four, 
but they are without hyphal connection with the perithecial wall dr 
its base. 

The method of division or constriction of the ascogenous cells 
gives the false appearance of an ascus hook or crozier. 

The two nuclei in certain of these cells fuse at an early stage and 
this large definitive nucleus persists for a relatively long period, after 
which three divisions in rapid succession result in a cell of eight 
nuclei and the later delimitation of eight ascospores. 

The first of the three nuclear divisions is characterized by the 
appearance of an ascus vesicle, the wall of wdiich appears to be the 
membrane of the fusion nucleus. 

Subsequent nuclear divisions and the delimitation of ascospores 
appear to take place wdthin this membrane. The wall of the fusion 
nucleus therefore becomes the w^all of the ascus. 

Ascus walls are dissolved early, often before the spores are quite 
mature, so that a mature perithecium contains numerous free asco- 
spores that are ejected through the beak in a mucilaginous coil when 
the perithecium. is moistened. 

The process of free cell division that results in a multiplication of 
asci may be a more accura te measure of the phylogenetic relationship 
of the genus than the characters now being employed. 
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VEIN SPOT OF THE PECANmUSED BY LEPTOTHYRIUM 
NERVISEDUM, N. SP.' 

By J. R. Cole ^ 

Associate Pathologist^ Division of Horticultural Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Vein spot, apparently an unreported disease of the pecan {Hicoria 
pecan (Marsh.) Britton), appears to be one of the principal foliage 
diseases of pecans in the southwestern part of the United States. 
Demaree ^ collected the vein-spot fungus near Austin, Tex., in 1920, 
and at Ferriday, La., in 1929, and the writer has collected it on both 
native and cultivated pecans in Louisiana, Mississippi, Arkansas, and 
Texas. The disease has not been reported from the southeastern 
pecan belt, which includes Alabama, Georgia, Florida, South Carolina, 
and North Carolina. 

THE DISEASE 

In the vicinity of Shreveport, La., vein spot first appears in May or 
June on the foliage of vigorous pecan trees, and in some orchards it 
causes the leaves of certain varieties to shed prematurely. The dis- 
ease may attack the rachis, the petiole, or the veins, but the entrance 
of the fungus is always confined to the vascular system of the leaf. 
Infection may take place at or near the end of the midrib of a leaflet 
and extend down the midrib to its base (fig. 1), producing a narrow 
black necrotic streak. The discoloration of the leaf tissues seldom 
extends more than 2 mm or 3 mm on either side of the midrib. The 
infection may also extend from the main vascular bundle that runs 
lengthwise to the smaller lateral ones. When numerous small lateral 
bundles are killed the leaf tissue between them dies, forming large 
dead areas that may later involve the entire leaflet, causing it to drop. 
The fungus may attack either the terminal or the basal portion of the 
rachis and gradually extend to the opposite end (fig. 2), causing the 
leaflets to fall one at a time until finally the rachis, devoid of leaflets, 
is left hanging on the tree. In other instances, when either primary 
or secondary veins become infected, the fungus does not spread 
extensively, but causes a small oval-to-circular black spot. A leaflet 
may contain 8 or 10 of these black spots, which are sometimes not 
over 2 mm in diameter. The vein divides such spots into two almost 
equal parts. In some instances the fungus attacks the midrib of 
a leaflet and finally causes it to shed without interfering with the rest 
of the leaf (fig, 4), whereas in other instances it seems to attack the 
rachis, midrib, and vein simultaneously (figs. l-S). In serious cases, 


1 Beceived for publication Nov. 22, 1932; issued July, 1933, 

2 The writer wishes to acknowledge the helpful services of the following members of the Bureau of Plant 
Industry: 0, L. Shear, for suggestions in the determination of the organism causing vein spot of pecans; 
John W. Roberts, for his critieisni of the manuscript; Edith K. Gash, for assisting in translating the techni- 
cal description into Latin; and J. B. Demaree, for many courtesies during the progress of the investigation. 

3 This information was obtained by the writer through correspondenQe with J. B. Dernaree, pathologist, 
Division of Horticultural Plants and Diseases, Bureau of Plant ludustry, U. S. Department of Agncuiture. 
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FwrRE 1— Characteristic appearance of a pecan leaf attacked by the vein-spot fungus. The dis- 
coloration is confined strictly to the midribs and veins of the leaflets and to the petiole 
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such as occurred in the vicinity of Austin, Tex., the entire vascular 
system of many leaves is attacked; and severe defoliation results. 

The spots which appear on the lower or ventral side of the leaves 
and four or five days later on the dorsal surface are yellowish at first 
and later brown, finally turning dark brown or black with yellowish 
margins. In the later stages of the disease the spots on both surfaces 
of the leaves have about the same appearance, except when fruiting 



Figurk 2.— Pecan leaf severely injured by the vein-spot fungus. The terniinal leaflets have fallen and 

the petiole is discolored 


bodies of the f ungus are present. These fruiting bodies nearly always 
occur on the lower leaf surface and are usually confined to that portion 
of the lesion involving the vascular system. 

Because of its striking similarity to pecan scab {Cladosporium e_ffmum 
(Wint.) Demaree), vein spot has perhaps been confused with scab 
by growers and phytopathologists. Since scab spots no longer sporu- 
lating are black and are about the same shape and size as lesions of 
the vein-spot disease and since scab spots also appear on theleaf 
veins, it is difficult by casual examination to differentiate between 
scab and vein-spot lesions. 





JiGUEE 3.-“Basal and upper leaflets of pecan leaf, showing characteristic lesions of the vein-spot 
disease. The terminal leaflets have fallen 



Figuke 4.~Terinmal leaflets attacked by the vein-spot fungus. Note the discoloration of the petiole 
and leaflet. The remainder of this leaf was normal 
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THE CAUSAL FUNGUS 

The fungus causing vein spot does not begin fruiting until late in 
the suinmer or in the fall. In the vicinity of Shreveport, La., a 
search for fruiting bodies on diseased leaves was made from •June to 
September, 1930, but none was found earlier than about the iirst of 
September; they were not very abundant until about the middle of 
October. 

MORPHOLOGY 

Just before the formation of fruiting bodies, which are considered 
as dimidiate pycnidia, the diseased areas on the underside of the leaf 
take on a grayish color. The fruiting bodies usually appear in these 
areas, either singly or in groups, and are difficult to see without some 
magnification. Usually they are intraepidermal or subepidermal 
(fig. 5), but occasionally they are found in the spongy parenchyma 
(fig, 6), and vary from 35 m to 95 m in diameter. They are embedded 
in the host tissues, apparently replacing the epidermal wall bordering 
on the spongy parenchyma and gradually destroying part of the 
latter. The covering of the fruiting body is irregular in outline and 
is composed of the somewhat thickened and blackened cuticle and 
epidermis. (Fig. 7.) This covering is occasionally torn in microtome 
sections, and several layers of tissue are found to be present. The 
coloring is probably due to some substance secreted by the fungus. 
Fungous tissue is no doubt present, but it is somewhat difficult to 
demonstrate it in the pycnidium. The base is made up of stromatic 
cells that penetrate the spongy parenchyma. In some instances 
layers four to five cells deep are formed. 

TECHNICAL DESCRIPTION 

The fungus herein described is a new species with the following 
diagnosis: 

Leptothyrium nervisedum, n. sp. 

Pycnicliis hypophyllis, depressis-pulvinatis, 35 m“95m latis; conidiophoris simpli- 
cibiis, septatis, recbs vel leniter curvatis, 14m-~18m longis, 2ii~4m latis; conidiis 
irregularibus interdum curvatis, oblongis-ovatis, hyalinis, continuis, 8 m“13m 
longis, 2 m”-3m latis. 

In foliis Hicoriae pecan (Marsh.) Britton, Louisiana, Mississippi, Arkansas, at 
Texas. 

Pycnidia hypophylloiis, depressed pulvinate, 35 m7’95m wide, conidiophores 
simple, septate, straight or slightly curved, 14 m“18m by 2 m-4m,* conidia irregular, 
sometimes curved, obiong to ovate, hyaline, nonseptate, 8 m-13m by Sm-Sm- 

Lesions occur only on the vascular system of foliage of Hicoria pecan (Marsh.) 
Britton. The disease is found in Louisiana, Mississippi, Arkansas, and Texas. 

When germination begins, a septum is usually formed dividing the conidium 
into almost even parts. Two germ tubes may come out from the conidium, one 
from each end (fig. 7), or the tubes may come out at either side. 

PHYSIOLOGY 

The fungus causing the vein-spot disease of pecans was first cultured 
from mycelium early in the season. The cultures were made by pac- 
ing the diseased host tissues in Petri dishes containing either corn- 
meal or pecan-leaf agar. Growth from the mycelium was very sl8w, 
the fungus requiring from two to three weeks to become macroscopic. 
Fruiting bodies were produced on the leaves in late summer, but the 
spores did not germinate until the latter part of October. When 
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placed on corn-meal or pecan-leaf agar, the spores sent out germ tubes 
from either end and sometimes from both ends. (Kg. 7.) Growth 
from the spores was likewise very slow at first, 15 days at 25° G. 
elapsing before monospore cultures became macroscopic. 



Figure 6— Photomicrograph showing fruiting body of the vein-spot fungus produced in the 
spongy parenchyma of a pecan leaflet- The plant hair extends from the epidermal cells 
directly above the fruiting body, X 1,700 


The fungus was grown on a variety of media, including nutrient 
agars, pecan-leaf and hickory-leaf agars, and vegetable plugs. A few 
pycnidia and spores were produced on corn-meal and on pecan-leaf 
agar, but the best growth, 9 cm in diameter, was made on potato 
plugs. In each instance the fungous growth consisted of a dark- 
brown to black tough stroma, mostly submerged and covered with 
short aerial hyphae. 
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TEMPERATURE AND pH STUDIES 

The vein-spot fungus was growm in an incubator at constant tem- 
peratures ranging from 15° to 36° C. Poor growth occurred at 15°^ 
whereas at the optimum temperature (26°) the fungus covered an 
area 7 cm in diameter. In all the compartments, except the one held 
at 36° where no growth occurred, the fungous growth was mostly sub- 
merged, brown m color, and covered with white or light-brown aerial 
hyphae. A few spores were produced in pycnidia at the optimum 
temperature. At all temperatures the fungus secreted a pigment that 
discolored the media. The color varied from light to dark brown, 
depending upon the amount of growth made by the fungus. When 
the fungus made optimum growth, the media became dark brown. 



In order to study the influence of the hydrogen-ion content of the 
medium upon the behavior of the fungus, corn-meal agar was used in 
lots differing in acidity by 0.3 pH oyer a range of pH 4.0 to pH 8.6, 
The optimum growth (6.5 cm in diameter) was made at pH 5.9, 
whereas poor growth tyms made at pH 4.0 and pH 8.6. At all the 
degrees of hydrogen-ion concentration used, the appearance of the 
fungus was characteristic. The stroma was black, tough, mostly sub- 
merged, and covered with light to dark, short, aerial hyphae. The 
medium was also discolored, the discoloration depending upon the 
growth of the fungus, being dark brown at pH 5.9, the optimum 
growth, and lighter at pH 4.0 and pH 8,6. A few spores were pro- 
duced in pycnidia at pH 6.6 and pH 6.9. Some of the spores were 
distorted, but most of them were normal. 

> PATHOGENICITY 

Pecan leaves of the Van Deman variety were inoculated with a 
heavy suspension of conidia taken from the diseased Van Deman 

^ The ine^ator consisted of 8 compartments each large enough to hold 2 dozen test tubes and X ther- 
mometer.^ u he compartments were connected, with an ice-box at one end and a light bulb at the other, 
x he mcuhator was so eonstructed and insulated that the temperature did not fluctuate more than 2®. 
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leaves collected in 1930. The inoculations were made as follows: 
Conidia were taken from diseased leaves and placed in a watch glass 
containing distilled water. Some were then placed on the leaves on 
or near the midrib or veins; others were placed between the veins. 
A little crayon was added to the inoculum to mark the inoculations. 
The leaves were then placed in glassine bags and kept there for 48 
hours. The results are shown in Table 1. 


Table 1. — Results of inoculating leaves of the Van Deman variety of pecan with 
conidia of the vein-spot fungus 


Series 

Inoculations 

Infections 


Bemarks 

No.“ 

Date 

Number 

Date of reading 

Number 

1 

Apr. 22 

25 

May 15 

11 

Spots, 1-3 mm long. 

2 

May 1 

50 

50 

May 20 

34 

Do. 

3 

May 5 

May 24 

29 

Do. 

4 

Aug. 9- 

25 

Sept. 1,._ 

3 


“ In series 1, 2, and 3, the inoculations were made on the veins; in series 4, the inoculations were made 
between the veins. 


Uninoculated leaves held as checks remained free from the disease. 
The incubation period for the fungus appears to be between two and 
three weeks. In all instances infection took place on the vein or mid- 
rib, regardless of where the inoculations were made. In series 4 the 
infections took place on the veinlets, to which the spores were probably 
carried by insects or water from the place of inoculation. 

In an effort to find the perfect stage of the fungus, infected leaves 
were collected in October, 1930, and placed outdoors in wire cages to 
overwinter. The leaves were examined at intervals of four weeks in 
order to ascertain whether any change in the life histoiy was taking 
place; but no change was observed, and the conidia were found to be 
viable on May 1 of the following year. It is evident, therefore, that 
the fungus passes the winter in the conidial stage. 

VARIETAL SUSCEPTIBILITY 

Although vein spot has been found on both native and cultivated 
pecans, it is much more common on the cultivated varieties. In Louisi- 
ana the Van Deman variety is the most susceptible and the Frotscher 
variety is the next most susceptible; other varieties are attacked to 
about the same degree, depending somewhat on the locality. ^ The 
writer is not familiar with many of the Texas varieties; the Kincaid 
variety, however, appeared to be attacked more severely than any of 
the others observed during the fall of 1931. Since both the Van 
Deman and the Frotscher varieties scab badly in southern Louisiana, 
it is sometimes difficult to distinguish between old scab lesions and 
vein-spot lesions. Scab causes more serious damage to the nuts than 
to the foliage; it is rarely serious enough to cause defoliation by itself, 
but probably acts in conjunction with other foliage diseases, especially 
vein spot, in defoliating the trees. 

In the vicinity of Shreveport, La., the Van Deman is the only 
cultivated variety of pecan that has been attacked to any gs'eat 
extent, but since attacks by the fungus seem to be increasing on other 
varieties, vein spot may prove to be a serious disease within the next 
few years. There is some evidence that various strains of the vein- 
spot fungus exist. Other varieties of pecan which have been free 
from this disease but which grow near trees of the Van Deman variety 
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that have been prematurely defoliated for several years are also be- 
coming diseased by the vein-spot fungus.^ It may be that the fungus 
is gradually adapting itself to other varieties. For example, in one 
orchard where Schley trees are growing near Van Deman trees that 
have been prematurdy defoliated for the past two years, the writer 
was unable to find any signs of the disease on the Schley during the 
season of 1930, but in 1931 a few of the Schley leaflets were infected. 
There are instances of other varieties that have become infected in a 
similar manner. 

-Since the disease is present near the Gulf coast in Louisiana and 
Mississippi, where the annual rainfall is about 60 inches, and is also 
present in the central part of Texas, w^here the annual rainfall is only 
about 25 inches, it would seem that humidity is a negligible factor in 
its development. Probably vein spot attacked the native trees of 
Texas first and is now^ spreading eastward. 

CONTROL 

Although no experiments have been conducted with the object of 
controlling vein spot, the following observations have been made in 
experiments conducted for the control of pecan scab. In orchards 
where the growers dusted for control of scab on the Van Deman 
variety^ in 1929, using 4 applications of 20-80 monohydrated copper 
sulphate and lime dust, the vein-spot fungus was held in check, 
whereas on trees that w^ere not dusted this fungus caused defoliation 
by September 15. During the season of 1931, in experiments con- 
ducted for scab control on the Frotscher variety in southern Louisi- 
ana, 4 applications of a dust composed of copper sulphate monohy- 
drate (20 per cent) and hydrated lime (80 per cent), alternating with 3 
applications of Bordeaux mixture composed of 3 pounds of copper 
sulphate (bluestone) and 4 pounds of lime in 50 gallons of w^ater, 
resulted in about 90 per cent vein-spot control. The check trees were 
defoliated by vein spot, together with Cercospora fusca F. V. Rand. 
In each of the experiments just described, the first application of 
dust or spray was made about the middle of May, and the last was 
made about August 1. 

SUMMARY 

Vein spot, a foliage disease of the pecan (Hicoria 'pecam, (Marsh.) 
Britton) caused by Leptothyrium nervisedum^ here described as new, 
has been collected by the writer in Louisiana, Arkansas, Mississippi, 
and Texas. ’■ 

The fungus attacks the vascular system of the leaf, thereby suggest- 
ing the name ‘Wein spot.” Heavy infection results in severe injury 
to the foliage or in premature defoliation. 

; A varietal susceptibility to the fungus appears to exist, especially 
in Louisiana. ^ The Van Deman is the most susceptible variety, and 
the Frotscher is the next most susceptible. 

Since vein spot is found both in regions of high and of low rainfall, 
humidity is not considered to be a factor in the development of the 
d.isease.',' .■ ■ 

No experiments for the control of vein spot have been conducted. 
However, very good results in the control of this disease were observed 
in plots where experiments were in progress for controlling scab by 
spraying three times with 3-4-50 Bordeaux mixture, and alternat- 
ing with four 20-80 monohydrated copper sulphate and lime dust 
treatments. 



PLASTER MOLDS OCCURRING IN BEDS OP THE 
CULTIVATED MUSHROOM* 


By Vera K. Charles, Associate Pathologistj and Edmund B. Lambert, Associate 

Pathologist, Division of Mycology a7id Disease Survey, Bureau of Plant Industry, 

United States Department of Agriculture ^ 

INTRODUCTION 

Among the numerous fungi that may be found in the compost of 
mushroom beds in the United States, two are often conspicuous. 
One develops over the surface of the manure in patches that are 
white in the early stages of growth, turning cinnamon-brown after 
a few days. The other fungus grows deep into the beds, forming a 
white powdery mass that may become a pinkish gray hut never 
brown. These molds are responsible for considerable economic loss, 
and most experienced growers are familiar with their gross appear- 
ance. A great deal of confusion, however, has arisen from the use 
of different common names by different growers and from the fact 
that the relation of these fungi to described species has not been 
clearly defined. In an attempt to clear up this confusion the writers 
have isolated and critically examined cultures of both fungi from 
several localities. The present paper reports data on their distribu- 
tion, variability, and probable relation to species described in foreign 
countries. In the following discussion the subsurface mold will be 
designated white plaster mold” and the surface mold ‘‘brown 
plaster mold”. 

WHITE PLASTER MOLD 

White plaster mold is the more injurious of the two fungi under 
consideration. It penetrates deeply into the beds and gives the 
compost the appearance of having been dusted with flour. It 
greatly retards or completely inhibits the growth of mushroom 
spawn, so that its presence in the beds frequently results in the 
total failure of the crop. 

The occurrence of plaster mold in the United States was first 
brought to the attention of the Department of Agriculture in 1897, 
when material was received from San Rafael, Calif,, with the informa- 
tion that the spawn had made a certain amount of progress but had 
suddenly been checked. The second report of the occurrence of 
this disease in the United States was received in 1920, this report 
also coming from California. Two years later the same grower 
reported that a loss of over $100,000 had been suffered by California 
growers, and his personal loss was estimated at from $20,000 to 


1 Received for publication Feb. 23, 1933; issued July, 1933. e 

2 Acknowledgment is made of a culture of white plaster mold from Dr. Louise Dosdall, University of 
Minnesota, and of two cultures from Dr, W. M, Ware, of England, in 1930. 
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$30,000 during a period of 4 years. Since then the writers have 
observed similar failures and have identified and isolated the fungus 
from collections made in Pennsylvania, Minnesota, California, Idaho, 
Illinois,’ and New York. ^ ^ 

White plaster mold is also a serious pest in France, Italy, and 
England. Detailed accounts of extreme losses from this fungus are 
given by Costantin and Matruchot (5) ^ for France, and Cuboni 
and Megliola (6) for Italy. 'Recently Ware {14, p. 19-20) in England 
also mentioned it as a competitive invader in mushroom beds. 

IDENTITY 

The various collections of white plaster mold made by the writers 
in four different States and from many different beds agree very well 
vdth the original description of Monilia fimicola by Costantin and 
Matruchot (d, p. 292), who found it causing a disease of nmshroom 
spawn in 1894, Because of the plasterlike character of this fungus 
they referred to it as 'Te platre’h^ Their description is as follows: 

Mvcelium colorless, septate, little branched, in diameter. In pure 

culture the sporiferous filaments are first in groups of 4 or 5, and the groups are 
separated from each other by a long portion of sterile mycelium. 

The development is described as follows : 

The sporiferous filament is at first simple and fruits at its extremity, soon 
branching irregularly, each branch producing a chain of many spores. The 
fruiting filaments vary from 50ju to 100/x, are cylindrical at the base and the 
same size as the mycelium, diminishing gradually toward the extremity. 

Unfortunately, in this description the size and shape of the spores 
were omitted. However, the shape of the spores and their size in 
relation to the mycelium are shown clearly in the drawings (d, pi, IS, 
figs, 9-13). In 1906 Saccardo {11, p. 503) described the spores as 
elliptical with obtuse ends and 6.5fx-Sn by 4.t5ju-5.3ju in size. The 
inference is that these measurements were estimated from the magni- 
fication of the drawings. They agree with the measurements of 
spores in the writers- cultures. "Figure 1 shows spores from a culture 
of Monilia fimicola. The U-shaped dichotomous branching of the 
sporophores as shown in the drawings of Costantin and Matruchot 
was also found to be quite characteristic of the writers^ cultures. 
Figure 2 shows U-shaped branching of the mycelium. Figure 3 is 
from a culture of M. showing mycelium and spores. 

In 1903 the Italian investigators Cuboni and Megliola {(i) pub- 
hshed an account of this disease in Italy. Their observations led 
them^ to the conclusion that the Italian fungus was identical with 
Monilia fimicola; but because the mycelium was limited to the 
substrata, and because the spores were extremely small, they referred 
it to the genus Oosy ora, designating it Oospom (Cost, and 

Matr.) Cub. and MegL The two descriptions of this fungus by the 
French and the Italian authors, respectively, are very similar, the 
main difference being in the shape of the spores. Cuboni and Megliola 
describe them as globose, whereas those in the drawings of Costantin 
and Matruchot {5) are ovoid. In the course of this study the writers 

y Beference is made by number (italic) to Literature Cited, p. 1097. 

tr noted here that Costantin (4) first applied the name “plitre” to a very different fungus, 

vertmlUopsi8 infestans, but later referred to VerticiUiapds as the “faux piatre’" of the gardeners. 
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examiiied a specimen from Ciiboni distributed by D . Saccardo ^ and 
found only a few globose spores, the majority being oyal. It is 
noteworthy in this connection that the spores in the Cuboiii specimen 
also correspond in size and shape with the spores from the writers^ 
cultures. Whether this species is to be considered as belonging to 
the genus Monilia or to the genus Oospora is largely a matter of 
interpretation. Since sterile hyphae are plentiful on ordinary media, 
the writers prefer the older name Monilia jirnicola Cost, and Matr. 



FrorRE 2.— U-shaped branching of the mycelium of Monilia fimicola, X 380 


In 1930 W. M. Ware sent the writers two cultures of Monilia 
firmcola which he had collected in England in 1929. One was isolated 
from a sample of dung from a mushroom bed at Bradford-on-Avon, 
Wiltshire, and the other was from a fragrnent of brick spawn at Lewes, 
Sussex. Both of these cultures were similar in shape and size of 
spores and general cultural characters to those isolated by the writers 
in the United States. 


Mucsdinacea*, 1372, O^pom finacotMtCost et Matr.) Cub. et MeKliola, Albani 
G ^boni° equmo—yalde noxia mycelio Xgarici carnpesms— Noyemler 1903, Prof 
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Figcjre 3.—Oulture of Monz7ifl j^micote showing inyeeH^ and spores, X 380 
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PHYSIOLOGIC SPECIALIZATION AND MUTATION 

Despite the rather constant morphology of spores and sporophores 
in cultures isolated from different coUections of Monilia Jimicola,^ 
there ^were often distinct differences in the cultural characters of 
strains originating from different collections when grown under 
identical conditions. In some cases the pale pinkish-buff color typical 
of the fungus mat and the coloring of the medium were entirely 
absent. These differences were especially noticeable when the 
cwltiires were grown in triplicate Erlenmeyer flasks on potato-dextrose 
agar. In the writers' opinion the differences were sufficient in four 
cases to indicate distinct physiologic forms, as this term is used by 
Stakman and his co workers 12 

It is also of interest to note that sectors arose in several of the 
cultures when grown in flasks. These sectors were oftentimes quite 


Figure 4.— Physiologic forms and sectoring in Afoni/ia fimicok: A, Cultures of strain from 
California; B, from Idaho, middle culture of latter showing sector emerging. X '>L 

distinct from the parent cultures. For example, some of the sectors 
were ivoiy-yellow and waxy, while the fungus mat of the parent 
cultures was pale pinkish-buff and diffuse powdery. Subcultures 
from these sectors had the same general cultural cliaracters as the 
sectors. In monosporous cultures sectors arose which were as distinct 
as those appearing in mass cultures. The writers interpret these 
^ctors as arising from mutations, as this term is used by Stakman, 
Chnstensen, et al. {2, 12, IS). The cultures shown in figure 4 are 
triplicate subcultures from monosporous cultures of two strains of 
Momha jimieola grown under identical conditions on Filco potato- 
dextrose agar m 250-cc Erlenmeyer flasks. The strain shown in the 
upper row was collected in a mushroom bed near San Francisco, 
LaM., that shown in the lower row was collected near Boise, 
Idaho, There is an evident difference in the appearance of the 


June 15, 1933 


Plaster Molds in Beds of the Cultivated Mushroom 1095 


fungus mat and the coloring of the medium produced by the two 
strains; A sector may be seen emerging from the central culture of 
the Idaho strain, 

BROWN PLASTER MOLD 

Brown plaster mold is popularly so called because of the cinnamon- 
brown color which characterizes it at maturity. It has been found in 
varying amounts in almost all commercial mushroom houses visited 
by the writers in the eastern part of the United States. It has been 
known to commercial mushroom growers for some years and yjas 
first observed by the senior writer in Pennsylvania and New York in 
1923. It is typically a suidace grower both when it occurs in nature 
and when grown artificially on culture media. Over the surface of 
the beds it forms patches that are usually from 6 to 15 inches in 
diameter. These patches, at first white and plasteiiike, soon change 
to tan and finally to cinnamon-brown, becoming less conspicuous as 
they mature. In most cases similar patches may be observed under 
the side boards. Sometimes several patches will coalesce to form a 
continuous coating over the surface of the compost. When the casing 
soil is applied to infested beds the fungus reappears after a short delay 
over the surface of the casing soil. Mushroom mycelium seems to 
experience considerable difficulty in penetrating these spots. As 
a result the production of sporophores is retarded within infested 
areas, and the yield is noticeably reduced. 

IDENTITY 

If the white patches over the surface of the beds are examined with 
a hand lens they are seen to consist of numerous spherical bodies. 
Occasionally these bodies are elongated by the fusion of two. In a 
few instances there may be a prolongation suggestive of a neck. In 
size they range from 80^ to 110^ in diameter. In the early stages they 
consist of mostly hexagonal isodiametric cells. As they develop, the 
cells of the outer layer become somewhat flattened and pigmented. 

Hein (8, 9) isolated cultures of this fungus and found it ideal ma- 
terial for study of concentric rings in culture and the production of 
tetrakaidecahedron in pseudoparenchyma. He considers the spheri- 
cal bodies sclerotia and gives excellent illustrations of their structure 
and cultural characters but does not attempt to identify the fungus 
with any known species. 

The authors have found the so-called sclerotia collected from mush- 
room beds to be practically identical with those in a specimen of 
Myriococcum praecox^ in the Mycological Collections of the Bureau of 
Plant Industry. Two other specimens of this fungus were also ex- 
amined, one in the Mycological Collections ^ of the Bureau of Plant 
Industry and a second specimen from Denmark, determined by 
Rostrup. These two collections also correspond with the writers^ col- 
lections. The species was described by Fries (7) in 1823 as the type 
of Myriococcum, a poorly described and little understood fungus. 

The systematic position of Myriococcum is very uncertain, and by 
most modern authorities Myriococcum is placed among genera dubia 
in the Perisporiales, It was placed by Fries in the class Gasteromy- 


6 Feies, E. scleromyceti sueciak, Dec. 7, No. 70. 

^ Collected by A. B. Langlois, No, 914, on decaying wood in Louisiana. 
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cetesj order Angiogastres, suborder Nidulariaceae^ and by Corda (5) 
in the family Physarei, section Eurotiaceae. In 1842 Corda (3) 
published the results of his observations and expressed doubt as to 
whether or not the interior of the fungus body was chambered or 
hollow, but was inclined to the latter belief, as no fragment of an 
interior ivall could be found. He stated that the spore mass filled 
the interior completely, and he described the spores as elongate, 
many sided, nearly wedge-shaped, wliite, and transparent. From 
numerous examinations it would appear that what have been called 
spores are in reality the inner cells which are less compressed and 
therefore not as uniformly hexagonal as the outer cells. 

Attention may also be called to the close resemblance of Sclerotium 
eurotioides Lib. to the brown plaster mold. S. eurotioides was de- 
scribed in 1832, the description on the specimen label reading as follows: 
“Congestum tectum, minutissimum, globosum, leve, stramineiim, 
demum fulvum, lOO/x diameter; villo mucido clemum evanescenti 
insidens.^’^ A Libert specimen of tliis fungus in the Mycological 
Collections of the Bureau of Plant Industry appears identical in size 
and structure. The color is slightly lighter in the Libert material, 
but the difference is slight and may be due to age or the difference in 
the substratum. The writers are inclined to consider the spherical 
bodies either as abortive perithecia or the bulbils of a Hymenomycete. 

DISCUSSION 

Evidence has been presented which sho^vs that the white and brown 
plaster molds are distinct and referable, respectively, to Monilia 
Umicola Cos. and Matr., and Myriococcurn praecox Fries. Compara- 
tive-studies of the cultural characters of eight different collections of 
Monilia fimicola from different localities in the United States and 
England bring out the fact that biotypes exist in this species which 
sometimes have quite different cultural characters under identical 
conditions and presumably differ likewise in their general physiology. 
Thus caution is necessary in generalizing from physiological data 
obtained for this species, such as thermal death curves, in relation to 
control practice. In one collection an unidentified Monilia was 
isolated which has pointed spores averaging Gju-G-S/i by 3 m“3.5/x, but 
since M, fimicola was isolated from the same collection the significance 
of the unidentified fungus is problematic. 

The brown plaster mold {Myriococcum praecox) has never been 
described in connection with European mushroom culture, and it is 
evident that the white plaster mold {Monilia fimicola) is identical 
with 'de plitre'' of France and the plaster mould'' of England. 
For this reason the terms “ brown plaster mold" and “white plaster 
mold" are preferred by the writers to the terms “plaster mold" (for 
the Myriococcum) and “flour mold" (for the Monilia), which are 
sometimes used {!). These terms are perhaps as descriptive as white 
and brown plaster mold under domestic conditions, but they may lead 
to confusion when comparisons are made between domestic and 
foreign conditions. 

To avoid confusion of the plaster molds with other species of 
Moniliu encountered in connection with mushroom culture, mention 
should be made of still another species of Monilia j one belonging to 


® Libert, M. a. plantae ceyptogamicae aeduennab, Oeat. 2 (1832), No. 138. 
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the M. sitophila group. This species has come to the attention of 
the writers intermittently over a long period of years as a contaminant , 
in the manufacture of spawn. A recent French paper by Moruzi {10) 
dealing with this fungus is entitled ^^Sur une Maladie du Clianipignon 
de Couche Caiisee par un Monilia.'^ This title would seem to be 
rather misleading, as the fungus was only encountered in the manu- 
facture of spawn. Furthermore, Moruzi’s paper deals with the 
cytology of the organism rather than with its role as an invader in 
mushroom beds. The writers' observations lead them to believe 
that M. sitophila cannot successfully compete with the microbial flgra 
in well-composted manure and that it is seldom, if ever, found on 
the beds with the plaster molds. 

SUMMARY 

Serious losses are suffered by mushroom growers in the United 
States through the presence in mushroom beds of certain fungi 
popularly known as plaster molds. The most dangerous of these 
fungi is the white plaster mold found to be identical with ‘de pl4tre" 
of France and described by Costantin and Matruchot in 1894 as 
Mojinlmjimicola. This species has been collected in California, Idaho, 
Illinois, Minnesota, Pennsylvania, and New York; and while the 
collections are morphologically identical, there are physiologic forms 
in the species, and sectors frequently appear in flask cultures. M, 
fimicoki is also recognized as a serious menace to successful mushroom 
growing in England and Italy. 

The second fungus, brown plaster mold, although commonly pres- 
ent in mushroom beds in the United States, has not been described 
in connection with, mushroom culture in Europe. It is here recog- 
nized as identical with Myriococcum praecox^ a fungus described by 
Fries in 1823. 

Attention is also called to the occurrence of Monilia sitophila^ 
which should not be confused with the plaster molds. It often ap- 
pears as a troublesome contaminant in the manufacture of spawn 
both in the United States and Europe, but is seldom, if ever, found 
in composted manure with the plaster molds. 
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A PHOTOMICROGRAPHIC STUDY OF GELATINIZED 
WHEAT STARCH 1 


By Sybil Woodruff, Associate Chief in Foods, and Lucille Rankin’ Wbbber» 
Graduate Student, Illinois Agricultural Experiment Station 

INTRODUCTION 

A rigid paste of starch and water is responsible to an important 
degree for the physical properties of baked products made with wheat 
flour. Starch constitutes about 55 per cent of the weight of the 
starcli-water fraction of bread dough and about 35 to 40 per cent of 
tlnit of inufFin and cake batters. The ratio of starch to its own com- 
bined water is even higher than these figures indicate because not all 
the water present in a baked flour mixture is free to go to starch 
but is associated with proteins and other constituents; nor is all the 
starch in bread necessarity as completely hydrated as it was in the 
gels studied here. Even so, such amounts of starch are relatively 
great as can be seen from the fact that a cooked starch paste con- 
taining only 5 per cent starch will upon cooling set to a tender gel 
which retains the shape of a mold. 

The shapely mass produced by heating together starch and water 
will be called in this paper a gel, and the possibility that its internal 
structure may be unlike that of gels produced by particles known to 
be of colloidol dimensions will be ignored. Starch gels, especially 
those of about 5 per cent concentration, have properties in common 
with gels of gelatin and pectin; they appear quite homogeneous, can 
be cut to leave a straight-edged surface, and may show syneresis 
upon standing. These characteristics all play a significant r61e in 
starchy food preparations. 

The heating of starch in the presence of water brings about changes 
which have been rather unanimously called ^^gelatinization,^’ though 
different workers have interpreted the term to refer to clianges with 
respect, in turn, to microscopic appearance of the granules, translu- 
cency of suspensions, and viscosity of fairly dilute pastes. Changes 
in such factors occur over a rather wide range in temperature. When 
gelatinization has proceeded to a certain point, a suspension will 
often set to the gel form already mentioned as a desirable one in 
many food preparations. 

It was with the purpose of relating the factors of concenti'ation, 
temperature of heating, and microscopic changes in the granules to 
the ability of a suspension to assume form as a gel that this work 
was undertaken. Records on hard and soft wheat starches were 
obtained in the form of photomicrographs showing the altered gran- 


1 Received for publication Aug. 5, 1932, issued July, 1933. 
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ules at temperatin-es such as were found capable of producing mold- 
able gels. Changes of starch in_ physical state are of interest from 
the standpoint of their connection with palatability and adaptabil- 
ity to storage and have no significant bearing, according to the liter- 
ature, .upon digestibility. 

REVIEW OP THE LITERATURE 

As a source of information concerning the microscopic characteris- 
tics of raw starch granules of almost every variety, Reichert’s com- 
pifation ($1) * of photomicrographs is most complete. Starches are 
shown under both ordinary and polarized light. Fall (7) has more 
recentlv published photomicrographs of a few raw specimens. As for 
starches which have been altered by heating in water, the literature 
contains descriptions but not photomicrographs. Alsberg {!) has in 
part based his explanation of the behavior of cooked pastes, an ex- 
planation now generally accepted, on the fact that microscopic ob- 
servation shows that most of the granules remain whole though very 
much swollen. For tliis reason, he says an ordinary paste is a sus- 
pension, and not a colloidal solution as earlier writei’s have said. The 
\dscosity of the paste, dependent upon the jostling of the swollen 
granules, can be much reduced by injury to the outer covering of the 
grain, though disruption of all granules is difficult to attain even by 
long grinding. 

The crystallin structure of starch granules has been studied by 
Katz and his associates {13,14, 15, 13, 17, 18) who, with X-ray spec- 
trograms, have found evidence of three forms — original, gelatinized, 
and retrograded starch. The spectra pointed to a structure within 
the granule which has not yet been revealed by the microscope and 
indicated that physicochemical changes occur in the granule during 
gelatinization. In microscopic appearance, gelatinized wheat-starch 
granules appeared to Katz {12) as swollen vesicles, many times their 
original size and showing in the center a cavity due to stronger swell- 
ing in the tangential than in the radial direction. He distinguished 
a Srst and a second degree of gelatinization encountered respectively 
' in the changes of bread baking and in gelatinization of starch to a 
paste in the presence of a large volume of water. The same phenome- 
non of change in X-ray spectrogram was observed in both first and 
second degree gelatinization. 

A number of investigators {S, 6, 8, 21 ) have pointed oui the relation 
between disappearance of birefringence and gelatinization tempera- 
tures of different starches. The concentration of the suspension 
examined by Reichert for loss of double refraction was not given, 
but he reported that anisotropy left wheat starch granules between 
65° and 67.5° C. Alsberg (^) found no individual birefringent 

S anules in bread crumb though birefringept masses could be seen. 

wheat starch, the largest granules swelled and lost their anisotropy 
at lower temperatures than did the small ones. Alsberg and Rask {S) 
concluded as a result of viscosity measurements that gelatinization 
pccyrs over a temperature range of 25° to 30°. There was nq signifi- 
cant change in the viscosity of 4.6 to 5.0 per cent wheat-starch pastes 
up to 65°, but a gradual increase occurred from 68° to 95°. 


a Beferenee is made by number (italic) to Literature- Cited, p, IlOa* 
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Ripperton (22) devised a means of measuring the swelling power of 
starch in dilute suspensions and concluded from his work on potato * 
and canna that swell and viscosity are not directly proportional. 
Monovalent cations increased swell and viscosity while calcium 
depressed them. Chapman and Buchanan (r^”) pointed 'out the 
influence of certain salts in preventing or retarding syneresis by 
forming a firmer gel structure. Woodruff and Nicoli {23) showed 
that large amounts of sugar destroyed the gel-forming power of 
5 per cent starch suspensions. Hall {11) found that wheat starch 
heated for 1 hour at 100° C. in the presence of one-half its weiglit 
of water remained as a white powder though each individual granule 
had swollen. When heated under these conditions but with an equal 
weight of water, it became transparent, opalescent, and extremely 
swollen. Woodruff and Nicoli {23) were able to obtain a moldable 
gel at 90° when 5 per cent suspensions of a commercial wheat starch 
were handled. 

Unusually great variation in the size of wheat-starch granules is a 
characteristic which several investigators have attempted to cor- 
relate with physical behavior. Furry {9) found that an average of 
50 wheat-starch granules swelled to about 5 times their original 
size. This increase was higher than that for any other starch meas- 
ured, except potato. Buchanan and N audain (4) thought that superior 
bread-making qualities of hard-wheat flours might be correlated in 
some way with the high percentage of small starch grains found in 
hard-wheat flours as compared with soft ones. Rask and Alsberg 
{20) also found variation in the viscosity of pastes made of hard and 
soft wheat starches and thought that this factor might possibly be 
concerned with baking qualities. Grewe and Bailey (fO), however, 
found no correlation between baking tests, diastatic activity or heat 
of imbibition, and the size of starch granules. Ripperton {22) said 
that neither size of granules of potato and canna starches nor the 
number of unbroken ones present could account for the differences in 
viscosity that he observed. 

The ability of a starch paste to form a gel varies with the source 
of starch {23) and, it is believed by the authors, with the conditions 
of heating. Such variable factors as were studied here inight easily 
occur in the common methods of processing used in the factory or 
home. 

EXPERIMENTAL METHODS 

■m 

PREPARATION OP WHEAT STARCH 

Starch was specially prepared from flours which had been milled 
for another experiment-station project from single varieties of wheat. 
One was Fulhio, a soft red winter wheat which had been milled in a 
commercial soft-wheat mill. The other was a hard winter Turkey 
wheat milled in a hard-wheat laboratory mill. The method of 
separating the starch was that recommended by Alsberg and Rask 
except that during the washing of the starch from the gluten the 
starch suspension was passed through silk bolting cloth of 126 meshes 
per lineal inch. The starch was air-dried for use and was free fi*om 
extraneous matter as shown by the following analyses: For hard- 
wheat starch, moisture 10.65 per cent, ash 0.09 per cent, starch (by 
Rask^s {19) method) 88.92 per cent; for soft-wheat starch, moisture 
10.60 per cent, ash 0,08 per cent, starch 89.39 per cent. 
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Starcli-water suspensions containing 5, 10, and 50 per cent starcli 
by weight were used because of the likely occurrence of such concen- 
trations in common starchy food preparations. 

^ - METHOD OP GELATINIZING THE STARCH 

One hundred grams of a combination of starch and water were 
mixed in 200-cc glass jars whose screw caps carried holes for a ther- 
mometer and a sampling pipette. The jars were immersed in a water 
bath almost to the metal cap. The suspensions were stirred with a 
glass rod at 15-minute intervals while they were being heated and 
until they reached 80° C. after which they showed no tendency to 
settle. The 50 per cent suspensions were stirred just before 60° after 
which they were too stiff for further manipulation. At specified 
temperatures, samples of the 5 and 10 per cent suspensions were 
removed by pipettes to fill small crucibles which served as molds. 
Samples were scooped out of the center of the 50 per cent paste with 
a hemispherical metal spoon. The gels were turned out onto watch 
crystals after 24 hours and photographed. Samples were taken for 
microscopic examination at the same time that they were removed 
for gel purposes. 

A large water bath was electrically heated and stirred and was so 
adjusted that its temperature rose from 50° to 93° C. in 45 minutes. 
When the bath was already at a temperature^ of 93° before the jars 
were entered, the temperature of the suspensions reached 90° in 20 
minutes. Almost continuous stirring was required with this more 
rapid rate of heating. A thermostatic control made it possible to 
hold the temperature at 90° for as long a time as desired. This large 
electric bath attained no higher temperature than 99.5° and permitted 
a maximum temperature inside the jar of only 95° to 96°. 

Preliminary work had indicated that the physical character of the 
resulting gel depended somewhat upon the rate of heating as well as 
upon the final temperature reached. In view of this fact, suspensions 
were heated more rapidly than the electric bath permitted by immers- 
ing conical flasks containing them in a large beaker of boiling water, 
and still more rapidly in another case by heating the contents of the 
flask to boiling over a direct flame. The flask was removed as soon 
as the contents boiled. The temperature was found to be 99° to 
100° C. 

In certain instances, all cold water was used in making the 5 per 
cent suspension ; in others, the starch for 100 g of paste was moistened 
with 10 cc of cold water, and the remainder of the water was added 
near its boiling point from a pipette. The contents were mixed by 
being swirled, and by the time all the hot water was added the tem- 
perature had fallen to about 70° C. In some cases, hot water was 
used for the first mixing even though the suspension was later to be 
heated in a bath whose temperature at the outset was only little 
above room temperature. The 10 and 50 per cent suspensions were 
mixed by the first method and were heated slowly in the electric bath 
from room temperature to the one indicated. 

MICROSCOPIC TECHNIC 

Samples of starch paste were removed by pipette from the jar at 
the desired temperatures and before the paste had solidified ; one wire 
loop of suspension was transferred to two loops of water on a micro- 
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scope slide. In the case of the stiff 50 per cent suspensions, a pinhead 
portion taken from the center of a freshly opened lump was used for ’ 
mounting. By a gentle upward and downward motion of the loop, 
the starch and water were mixed and spread. A cover glass was 
adjusted without pressure and sealed at once to the slide 'with a 
preparation of beeswax and paraffin. This kept the granules moist 



Figure 2.—Gels formed by bard-wbeat starch: A, cold 5 per cent suspensions heated slowly from room 
temperature, in electric bath, a to 88° O., 6 to 90°, c to 90°, and held there 20 minutes, and d to 96° j B, 
hot 5 per cent suspensions each heated differently, a in electric bath from room temperature to 00°, 6 in 
hot electric bath to 90°, c in beaker of boUing water to 90°, and d to boiling over a flame; 0, cold 10 per 
cent suspensions heated slowly from room temperature, in electric bath, a to 70°, ft to 75°, c to 80°, and 
d to 95°; n, cold 60 per cent suspensions heated slowly from room temperature, in electric bath, a to 50°. 
0 to 55°, c to 90°, and <i to 95° 

and prevented movement of the suspension during photographic 
exposure. Specimens showed no change in many hours when so 
sealed. 

A field, representative of the whole slide, was photographed with a 
camera attached directly to a i)olarizing biological microscope carry- 
ing a 12 X ocular and SOX objective. The field was photographed 
with ordinary light and a No. B 58 Wratten filter and with an exposure 
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of three minutes on a panchromatic film. Such fields as showed _ a- 

considerable number of birefringent granules were also photographed 
with polarized light, in which case 30 minutes exposure of a nitrate 
film was -required. 

DISCUSSION OF RESULTS 

Photoiiiicrographs showing the changes which took place as 5 
per cent starch siispeiisions were heated from room temperature to 
96'^ C. have been made at temperature intervals of 5° for both hard 
and soft wheat starches, though only a few are reproduced here. 
These microscopic changes were examined in conjunction with the 
gel-forming powders of the heated suspension. The ability to form 
gels was recorded photographically for suspensions heated to tem- 
peratures corresponding to those of the suspensions used in the photo- 
micrographs. So little difference was found between hard and soft 
wheat starches that detailed results for each are not warrantecL 
Hard-wheat starch is showm in the accompanying figures. 

CHARACTERISTICS OF GELS 

In the photographs of the gels the outline indicates whether tin 
mass was a firm gel or but a partly formed one. In some of the 5 
per cent ones the outline was clear-cut (fig.^ 1, B, c), but the gel wois 
too w^eak to resist the pressure of the flat side of a spatula. One ’ 
weak as this invariably ^uowed some leaking of wuxter, however, r 
soon as it was turned huf of the mold, and evidence of syneresis 
plainly visible in the photograph. The firmest gels obtaint 
rebounded after pressure and showed no syneresis after standing f 
three to four hours on the watch glass. The weak gels were 0 
granular texture which made the oozing of water easily possible 
The firm gels were as homogeneous, so far as the naked eye could 
detect, as gelatin or pectin ones. This difference in grain unfor- 
tunately does npt show in the photograph nor does the difference in 
degree of whiteness or opalescence. 

When a starchx^uspension of 5 per cent concentration was lieated 
to a temperature between 95^ and 100'^ C., a firm gel structure resulted 
no matter what the rate of heating was. A suspension heated slowly 
in the electric water bath from a cold state to 96° (fig. 1 , A, d,) was 
less tough, however, than one heated quickly to boiling over a, llaine. 
(PL 1, B, rf.) The temperature of 90° C. seemed to be a (*ritical ouc 
for gelation; a gel was never obtained below this temperature (fig. 1, 
A, u), and gels sometimes failed to form even at 90° if conditions wove 
not properly chosen; also all the gels formed at this temperature 
showud great weakness and syneresis. Hot suspensions brought 
rapidly to 90° gave the firmest gels obtainable at this temperature 
(fig. 1, B, G, b, c); slow heating gave only a suggestion of a gel (fig. 1, 
A, b), and not much improvement was made even when the heating 
at 90° was prolonged for 20 minutes. (Fig. 1, A, c.) There was a, 
gradual improvement in gel form as temperatures were increased 
from fiO° to 95°, though, no photographs for intervening temperatures 
are .given. . .r 

Suspensions containing 10 and 50 per cent starch (fig. 1, C and D) 
gelated readily at temperatures below those of the 5 per cent one, 
and their products were of course much tougher. At 80° C* the 10 




■11 


A, Raw, 5 percent suspension in ordinary light B, raw, 5 percent suspension in polarized light. Os 5 per- 
cent suspension heated to a temperature of 6.5° 0. I>, 5 per cent suspension heated to a temperature of 
76°, X 360.. 
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A, 5 percent suspension heated to a temperature of 90° C. B, 5 percent suspension heated to a temperature 
of 93°. C, 5 percent suspension heated to a temperature of 96°. D, 50 percent suspension heated to a 
temperature of 95°. X 360. 
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per cent concentration was shapely, and at 53° to 55° the 50 per cent 
one was. Each was white and raw in appearance at these tempera- 
tures, but they became opalescent after the temperature had risen to 
95°. No syneresis was seen in either. The soft-wheat starch in the 
50 per cent concentration did not become inoldable until 60°, ' 

MICROSCOPIC CHANGES 

Photomicrographs of unheated granules, mounted in water as were 
the gelatinized ones, are shown with ordinary and polarized light in 
Plate 1, A and B. Occasional bacterial forms should be overlookedin 
these water mounted specimens. The grains remained unchanged up 
through a temperature of 50° C., but at 55° a slight swelling and a 
disappearance of the dark cross which marks birefringence had become 
evident in the largest granules. These changes were gradual up to 
the point of disappearance of birefringence which was 60° for hard, 
and 65° for soft wheat starch. Also at 65° (pi. 1, C), the granules 
had become very swollen, and a few were assuming a characteristic 
kidney shape which seemed to be due to a swelling of the granule 
around a constriction reaching to the center. This shape became more 
pronounced as the temperature rose, and at 93° the outer edges 
became beaded with what appeared to be perforations. (PL 1, D 
and 2, B.) This effect could be seen either with or without a cover 
glass, so it is unlikely that its cause was outward pressure upon the 
swollen particle. The general appearance was very similar in the 
two starches. In 50 per cent concentration birefringence disappeared 
from hard-wheat starcli at 75° but did not disappear from soft-wheat 
starch until a temperature of 85° was reached. 

The appearance assumed by granules in the gels at 90° C., which 
in 5 per cent strength were always weak, is shown in Plate 2, A. 
Water was apparently not held tightly by them so long as' they 
retained this appearance, as evidenced by the fact that syneresis was 
prominent. Firm, syneresis-free gels are shown in Plate 2, O. Their 
grains were so swollen that they were blurred and were brp light into 
focus with difFiculty. This was not true of the 50 per cent concen- 
tration heated to 95°. Plate 2, D shows the grains were swollen but 
much less so, and birefringence had left the smallest ones at only 85°. 

The tenacity with which the swollen granules held their water 
seemed to depend upon the amount of it at their command, upon the 
temperature to which they were finally heated, and upon the rapidity 
with which this temperature was reached. Where little water was 
available for each grain, as in the 50 per cent pastes, it was all held 
tightly so that no syneresis could be seen. This was true even though 
the microscope showed not much more swelling of the grains than had 
occurred in 5 per cent suspensions heated to only 65° or 70° C. 
Photomicrographs are not shown of the almost shapeless and indis- 
tinguishable masses characteristic of the 5 per cent pastes heated 
rapidly to boiling. This method, it has already been said, gave the 
firmest gel, most nearly free from syneresis. Why the granules 
absorbed the water more abundantly and more permanently at^the 
faster rate of heating and at the higher temperature will require more 
work to explain. 

Translucency was not a requisite of a moldable paste in the two 
higher concentrations studied. In the 5 per cent conGentration a good 
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gel did not form until a temperature several degrees higher than that 
- of the region of beginning translucencv had been reached. The 
moldability of the lO^^and 50 per cent pastes at low temperatures can 
probably be accounted for by the fact that many grains swelled a 
little as contrasted with the 5 per cent ones where fewer grains swelled 
much. 

These results showed that the temperature at which birefringence 
disappeared depended on the quantity of wader available to the 
gTanules. Anisotropy was gone long before the 5 per cent suspension 
would gel and persisted long after the 50 per cent one was a solid 
mass. 

There was nothing in any of these observations on the ph3^sical 
properties of hard and soft wheat starches that would lead one to 
expect differences in cooldng results to be due to them. 

SUMMARY 

Some relationships of concentration, temperature of heating, micro- 
scopic changes, and ability to form a moldable gel have been recorded 
in the form of photomicrographs of granules and photographs of gels 
given by starches of soft and hard wheats. 

Photomicrographs of starch, raw and heated in 5 per cent suspen- 
sion to 55°, 75°, 90°, 93°, and 96° C. are reproduced showing charac- 
teristics which have not heretofore been described in the literature, 

A temperature of 90° C. seemed to be a critical one for gelation of a 
5 per cent suspension. Rapid heating to this temperature gave a 
better-formed gel than did slow heating. Temperatures of 95° or 
above gave the firmest gels obtained with this concentration. Photo- 
graphs show by outline the firmness of gels and suggest the compara- 
tive amounts of sjmeresis. 

In 50 per cent concentrations, heating to 95° C, caused no greater 
swell than did a temperature of 65° or 70° in a 5 per cent suspension. 
The 50 per cent concentration became moldable at 53° to 55° even 
though birefringence persisted up to 75°. Anisotropy disappeared 
at 60° in the 5 per cent suspension. 

The tenacity with which the swmllen granules held their water 
seemed to depend on the amount of it at their coinmand, on the tem- 
perature to which they were finally heated, and on the rapidity with 
which this temperature was reached. Ten and fifty per (auit sus- 
pensions became moldable at temperatures below the region of apjxuir- 
ance of translucency. This was not true of the 5 per cent suspension. 
Many grains swelling a little apparently accomplished somewhat the 
same solid effect in the high concentrations as did fewer grains swelling 
much in the lower one. 

No significant difference was found in the gels of hard and soft wheat 
starches. 
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MILK-ENERGY FORMULAS FOR VARIOUS BREEDS OF 

CATTLE' 

By 0. R. Overman, Assistant Chief in Dairy Chemistry, and W. L. Gaines, 

Chief in Milk Production, Department of Dairy Husbandry, Illinois Agricultural 

Experiment Station 

INTRODUCTION 

The calorific value of milk is important as a measure of the human 
food value of the milk, the amount of feed required by the cow for 
lactation, and as a measure of lactation for the study of inheritance of 
milking ability. 

Direct determination of the calorific value of milk has not been 
carried out very extensively. Overman and Sanmann {8, 9) have 
reported analyses, including energy, of 212 samples without classifying 
them as to the breed of cow. Similar data have been reported by 
Mollgaard (7) on 60 samples from Red Danish cows and 11 samples 
from Jersey cows; by Kahlenberg and Voris (6) on 134 samples from 
Holstein cows; and by Savini and Gargia (11) on about 100 samples of 
market milk collected in the retail trade. All these investigators have 
pointed out the possibility of estimating the energy value of milk from 
its fat percentage. Overman and Sanmann found the correlation 
between fat percentage and calories per kilogram of milk to be 
0,9814 ±0.0017.^ That is to say, the energy content of the whole 
milk produced by the cow may be estimatea with a high degree of 
accuracy from its weight and fat percentage. ‘The equations are given 
in Table 3. 

Kahlenberg and Voris derived the formula, 183/— 56, 73i + 
556.32, where E is calories per kilogram of milk, / is the percentage of 
fat and t is the percentage of solids not fat. According to this equa- 
tion, at a given fat percentage increasing the solids not fat decreases 
the energy value, which does not seem reasonable. Also, inspection 
of their data suggests that the cofl5.cient of ^ should be positive. For 
example, there are four observations at/==3.76 and within these four 
we find: i 

Percentage of solids not fat„_-„ 7. 68 8. 69 8. 92 8. 95 

Calories per kilogram of milk, determined 667 705 710 720 

In this particular instance, at least, energy tends to increase with the 
solids not fat. 

The writers have taken the trouble to recompute the formula from 
the published analyses, without coding, by use of the method described 
by Brandt (2). The results are 0.9930, and 93.68/+ 44.55i 
+- 34.09. In this equation the coefficients of / and t are both positive 
and substantially in the ratio of the average energy values of fat and 
solids not fat, wliile the constant factor is very small as compared with 

J Received for publication Jan. 4, 1933; issued July, 1933. 

2 Reference is made by number (italic) to Literature Cited, p. 1120, 

3 This value was computed by coding. Use of their published data without coding gives 0.9874, a 
substantially higher value. When dealing with such highly correlated variables it is desirable to use small 
class intervals. - 
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that of Kalilenberg and Voris. ^By using the above example again, 
j*esults from the two formulas in comparison with the determined 
energy values are: 


Kalxlenberg and Voris formula 

Determ'med- - 

Present f :)rmula . 


809 

751 

738 

737 

667 

705 

710 

720 

660 

705 

716 

717 


Clearly the present formula agrees with the observations much better 
than does the formula of Kalilenberg and Voris. 

V%ile the data of Overman and Sanniann were not classified as to 
breed directly, the fat-percentage ^ classification itself would auto- 
matic ally make some breed separation. The plotted valiies showing 
the regression of energy on fat percentage seem to be entirely linear, 
with no evidence of any breed influence. On the other hand, the 
equations of Mollgaard and Kaldenberg and Voris suggest that there 
may be breed differences of some significance with respect to the rela- 
tion between energy and fat percentage. Wliat is needed is an exten- 
sion of these dhect determinations to a larger number of samples and 
especially to a larger population of cows in each of the several breeds. 
However, it seems vrorth wliile as a preliminary to a study of breed 
differences to see what information may be gained from the analyses 
of milk of the different breeds. Such^ information may have value 
also in itself. 

In the present paper certain analyses from this laboratory are 
presented, and a comparison is made between the different breeds 
with respect to milk energy. The analyses used are the 212 reported 
by Overman and Sanmann (5, 9) which include direct energy deter- 
minations, and another set of 1,999 by Overman, Sanmann, and 
Wright {10), classified by the breed of cow, and similar to the 212 
except that they do not include direct energ}^ determinations. The 
energy of the milk components was derived from the 212 analyses, 
and these component values were than applied to the 1,999 analyses 
in order to derive the milk energy. 


ENERGY OF MILK COMPONENTS 

The energy of milk obviously lies in its several components. If 
both the milk energy and, the amounts of the several milk (‘-ompotienl-s 
are known for a series of observations, it should be possible to deduce 
the energy factor for each component. It should then be perinissil)le 
to apply these factors to other analyses in which energy was not det^u- 
mined and thereby estimate the milk energy. 

It may be assumed that all of the 212 analyses ineluding (U)ergy ar(^, 
equally reliable and that such discrepancies as may exist among them 
with respect to the present point of view are due' to errors or difFer- 
ences of a random nature; then it may be assumed that the most 
probable energ}^ values of the several components may be determined 
by applying the principle of least squares to the 'whole series of 
observed values. For illustration, if the energy of milk resided entirely 
in the fah protein, and lactose and absolutely accurate determinations 
of these items in tliree divergent samples of milk were available, as 
well as the accompanying milk energy, then it would be merely neces- 
sary to set Up the results as three equations and solve for the energy 
value off fat, protein, and lactose. It is clearly not justifiaUe to pick 
3 out of the 212 to be used in preference to any other 3. The tlieoreti- 
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cally correct procedure is to form a set of normal equations from the 
212 observations and thus arrive at the proper values from all the^ 
observations. This procedure has been followed, by using the method 
described by Brunt (3) and assuming that the energy resides in (1) 
fat, protein, and lactose; (2) fat, protein, lactose, and ash; and (3) 
fat, protein, lactose, ash, and water. The results are presented ha 
Table 1. 


Table 1. — Energy value of milk components in calories per gram 


Component 

Values based on energy residing in — 

t- 

Standarcl 
values re- 
ported by 
Abder- 
halden 

Fat, protein, 
lactose, ash, 
and water 

Fat, protein, 
lactose, and 
ash 

Fat, protein, 
and lactose 

Fat - 

9. 312 

5 . 358 

3. 987 

4. 980±0. 199 
-.0356i: .0059 

9. 434 
5. 161 
3. 480 
4. 323±0. 173 

9. 253±0. 065 
5. 853± . 127 
3.693d= .059 

9. 23 
5.71 
3.95 

Protein 

Lactose - 

Ash i 

Water 








Table 1 shows that the values found for fat, protein, and lactose 
fluctuate to some extent according to the components considered in 
calculating the values. This suggests that the method is not adapted 
to the exact estimation of the energy of milk components. The 
standard values for fat, protein, and lactose directly determined, as 
given by Abderhalden (f ), are given in the last column. The present 
indirectly determined values, based on fat, protein, and lactose, agree 
very closely with the standard values in the case of fat but poorly in 
the case of lactose. Lactose was determined by dijfference, and the 
poor agreement perhaps means that the errors of determination thus 
tend to concentrate in this portion. The good agreement of the fat 
values, on the other hand, may reflect a superior accuracy in the fat 
determination, along witli the high proportion of the total milk energy 
represented by the fat. 

it might be concluded in advance that the water has no energy value 
and should be left out of consideration. Statistically the value found 
is significant although absolutely so small that the result may be 
regarded as a favorable comment on the consistency of the analyses. 
Likewise, the ash might have been ruled out in advance as having no 
appreciable energj" value. On analysis, the value found, while ap- 
preciable per gram, becomes of little consequence when considered in 
connection with the small quantity of ash present in the milk. 

The question now arises as to which set of values in Table 1 may 
best be used in estimating milk energy from the chemical analyses. 
A prior one might conclude that water should certainly be excluded, 
and probably ash also, fat, protein, and lactose being chosen as the 
most rational set. We are concerned, however, in making the most 
accurate estimate we can of the milk energy from the milk analyses. 
It is not at all inconceivable that, while there is no ^^negative energy^ ' 
to be attributed to the water of the milk as analyzed, there may never- 
theless be some peculiarity associated with high-water milk which 
tends to make the energy determination run slightly lower. Similar 
reasoning , may be applied to the. ash.- '-Since the analyses, without 
energy, which it is proposed tomse/ are entirely, comparable with those 
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involved in Table 1, it seems clear that statistically the best energy 
,estimate will be obtained by the use of all five components— that is, 
E=%Z 12/+53.58p + 39.87Z + 49.80a-0.356w, where E is calories per 
kilogram of milk and/, p, I, a, and w are the percentages of fat, protein, 
lactose; ash, and water, respectively. 


BREED FORMULAS 


The above formula has been applied to the milk analyses, classified 
by breed, as published by Overman, Sanmann, and Wright {10). 
The analyses for each breed were grouped by fat percentage into 
classes, 2.60-2.79, 2.80-2.99, 3.00-3.19, etc., and the average of the 
analyses of each group determined. The formula wa,s then applied to 
these averages to derive the energy values. The results are given in 
Table 2. 


Table 2.— Computed energy values and protein-energy ratios of milk from cows of 
various breeds and from crossbred cows^ grouped by fat- percentage classes 


AYRSHIRE COWS 


Fat-percentage 

class 

Records 

Fat 

Protein 

1 

Lactose 

Ash 

1 

Water 

Energy 

per 

kilogram 
of milk 

Frotein 

per 

calorie 


Number 

Per cent 

Per cent 

Per cent 

Per cent 

Percent 

Calories 

MUli- 

graim 

2.80 to 2.99 

2 

2. 920 

3. 020 

4.625 

0. 658 

88. 78 

619. 3 

49. 0 

3.00 to 3.19 

3 

3. 113 

3. 170 

4, 607 

, 694 

88. 42 

646. 5 

49. 0 

3.20 to 3.39 

12 

3. 327 

3, 321 

4. 553 

. 679 

88. 12 

671. 7 

49.5 

3.40 to 3.59 

12 

3.506 

3.314 

4.689 

.655 

87.84 

692. 3 

47. 9 

3.60 to 3.79... 

27 

3,706 

3. 325 

4.673 

. 659 

87. 64 

711.2 

40. 8 

3.80 to 3.99 — 

24 

3. 900 

3.519 

4. 551 

.688 

87. 34 

736. 3 

47.8 

4.00 to 4.19 

34 

4.085 

3.635 

4. 772 

.684 

86. 82 

1 768. 6 

1 47. 3 

4.20 to 4. 39 

34 

4.292 

3.576 

4.609 

. 686 

86. 85 

778. 3 

45. 9 

4.40 to 4.59.. 

20 

4.498 1 

3.720 

4.821 

. 691 

86. 27 

814. 1 

45. 7 

4.60 to 4.79 

19 

4.691 1 

3.802 

4. 708 

.695 

86. 10 

832. 2 

45. 7 

4.80 to 4.99. 

7 

4. 863 

3. 794 

4. 683 

. 702 

85. 96 

847. 2 

44.8 

5.00 to 5. 19 

6 

5. 112 

3.888 

4. 948 

. 703 

85. 35 

886. 3 

43. 9 

6.20 to 5,39 

6 

5.314 

3.976 

5.026 

.707 

84. 98 

913. 2 

43. 5 

5.40 to 5,59.- 

3 

5. 490 

4. 140 

5.007 

. 753 

84.61 

940.1 ! 

44. 0 

5.60 to 5.79 

1 

5. 66 

4.38 

4.80 

. 730 

84. 43 

959.4 

45. 7 


GUERNSEY COWS 


3.60 to 3.79 

3 

3. 720 

3.727 

4. 963 

0. 702 

8f). Hi) 

748. 0 

49. 8 

3.80 to 3.99 

I , 7 

3. 914 

3.360 

4. 684 

. 701 

87. 34 

736. 1 

45. 7 

4.00 to 4,19 

10 

4. 078 

3. 561 

4. 995 

.728 

8f). 64 

775. 1 

45. 9 

4.20 to 4.39 

15 

4. 297 

3.661 

4.853 

.736 

86. 45 

795. 6 

46. 0 

4.40 to 4.59 

29 

4. 499 

3.663 

4. 965 

.717 

86. 15 

818.2 

44.8 

4.60. to 4.79 

38 

4.689 

3.757 

4. 958 

. 716 

85. 88 

840.7 1 

: 44. 7 

4.80 to 4. 99 ' 

36 

4.894 

3.907 

4. 978 

. 733 

85. 49 

869. (» 

44. 9 

5.00 to 5.19 

39 

6. 149 

3.992 

4.958 

. 737 

85. 21 

897. 4 

■ '.44.6 

5.20 to 6.39 

35 

5. 274 

4.015 

4. 924 

.745 

85. 06 

909. 4 

■44. ":l 

5.40 to 6.59--- - 

24 

5.485 

4. 199 

4.927 

.761 

84, 63 

940. 0 

44.7 

5.60 to 5.79 : 

22 

5. 693 

4.165 

4.921 

.767 

84 46 

957. 1 

, 43. 6 

5.80 to 5.99 - 

19 

5.897 

4.253 

4.922 

.753 

84. 17 

080.8 ! 

43.4 

6.00 to 6.19-..-.—— 

12 

6.068 

4.6X2 

4. 711 

.770 

83. 78 

1,008.5 i 

. 45. 6 

6.20 to 6.39 

11 

6. m 

4.656 

4.761 

.773 

83. 62 

1,027.9 

44.3 

6.40 to 6.59-.-.. 

9 

6,472 

4.611 

4. 764 

.804 

83. 36 

1, 049. 6 

43.9 

6.60 to 6.79 — — 

5 

6. 662 

4.770 

4,740 

.788 

83.04 

1, 074. 6 

44, 4 

6.80 to 6.99 

3 

6 877 

4 847 

4 743 

. 829 

U9 7n 

1, 101. 0 
1,123.7 

AA 

7.00 to 7.19. — - 

1 

7.06 

4’ 98 

4 78 

Irm 

uA /U 

82. 41 

'44.3 

7.20 to 7.39-— 

1 

7.37 

4.70 

’4.88 ^ 

.816 

82. 23 

1,144 0 

41. 1 

7.60 to 7.79..... 

2 

7.650 

4.790 

4605 

. 812 

82. 14 

1, 163. 8 

. ,41. 2 
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Table 2. — Co'mputed energy values and protein-energy ratios of milk from cows of 
various breeds and from crossbred cows, grouped by fat-percentage classes — Con- 
tinued 

HOLSTEIIN COWS 


Fat-percentage 

class 

Records 

Fat 

Protein 

Lactose 

Ash 

Water 

Energy 

per 

kilogram 
of milk 

Protein 

per 

calorie 


Number 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Calories 

Millh 

grams 

2,60 to 2.79 

8 

2. 709 

3. 055 

5. 000 

0.656 

88. 58 

616.4 

49. 6 

2.80 to 2.99 

25 

2. 890 

3. 012 

4. 928 

. 666 

88. 51 

628. 6 

^47. 9 

3.00 to 3.19 - 

40 

3. 104 

3. 169 

4. 846 

.672 

88. 21 

654. 1 

48. 4 

3.20 to 3.39-. 

47 

3. 289 

3. 276 

4. 884 

.671 

87. 88 

678. 6 

48. 3 

3.40 to 3.59 

42 

3.488 

3. 388 

4. 853 

. 688 

87. 58 

702. 9 

48.2 

3.60 to 3.79... 

35 

3. 674 

3. 361 

4. 866 

.672 

87. 43 

718. 5 

46. 8 

3.80 to 3.99 

29 

3. 874 

3. 502 

4. 863 

.681 

87. 08 

745.2 

47.0 

4.00 to 4.19 

11 

4.078 

3. 734 

4. 858 

.694 

86. 64 

777.2 

48.0 

4.20 to 4.39 

13 

1 4. 313 

3. 967 

4. 722 

. 697 

86. 30 

806. 4 

49.2 

4.40 to 4.59 

, 5 

' 4. 510 

4.240 

4. 998 

.736 

85. 51 

852. 6 

49.7 

4.60 to 4.79 

4 

4. 700 

4. 075 

4. 757 

.692 

85. 77 

849. 6 

48.0 

5.00 to 6. 1.9 

3 

5. 156 

: 4. 586 

4. 730 

.735 

j 84. 79 

920, 8 

49. 8 

5.20 to 5.39-., 

3 

5. 306 

5. 010 

4. 833 

.804 

84, 05 

965. 3 

51.9 

5.60 to 5.79 

2 

! 5. 680 

5. 420 

4.490 

.812 

83. 60 

1,009.0 

63. 7 

6.00 to 6. 19 

1 

' 6.00 

4.88 

4. 66 

. 794 

83. 67 

1,015.7 

48.0 


JERSEY COWS 


3.20 to 3.39 

1 

3. 280 

3.22 

3. 67 

0. 789 

89. 04 

631. 9 

51.0 

3.60 to 3.79...... 

5 

3. 680 

3. 896 

3. 942 

.729 

87. 75 

713. 7 

54. 6 

3.80 to 3. 99 

8 

3.910 

3. 623 

4. 860 

.683 

86. 92 

755. 1 

48. 0 

4.00 to 4. 19- 

5 

4.074 

3. 302 

4. 866 

. 660 

87. 10 

752. 2 

43. 9 

4.20 to 4.39 

11 

4.292 

3. 695 

5. 126 

. 697 

86. 19 

806. 1 

45,8 

4.40 to 4.59..,.. 

18 

4.493 

3. 648 

5. 058 

.691 

86. 11 

819. 3 

44. 5 

4.60 to 4.79 

16 

4, 668 

3. 556 

5. 059 

. 681 

86. 03 

830. 2 

42.8 

4.80 to 4.99 

20 

4.881 

3.715 

5. 058 

. 693 

85. 65 

859.3 

43. 2 

5.00 to 5.19... 

19 

5.091 

3. 896 

4. 919 

.694 

85. 40 

8S3. 1 

44.1 

6.20 to 5.39 

26 

5. 295 

3. 859 

6. 026 

. 698 

85. 12 

904. 7 

42.7 

5.40 to 5.59..-- 

16 

5.479 

3.891 

4. 986 

. 693 

84, 95 

921. 7 

42.2 

5.60 to 5.79... 

16 

5.707 

4. 171 

4. 963 

.743 

84.42 

959. 7 

43.5 

6.80 to 5.99 

12 

5.892 

4. 288 

4.929 

.732 

84. 16 

981. 4 

43.7 

6.00 to 6.19 - 

8 

6.081 

4.264 

4.764 

.726 

84. 17 

990. 9 

43.0 

6.20 to 6.39. 

5 

6. 230 

4.010 

4.982 

.713 

84. 06 

999. 2 

40. 1 

6.40 to 6.59 

4 

6.446 

4. 068 

4.788 

.727 

S3. 97 

1,016.3 

40, 1 

7.60 to 6.79 

5 

6. 666 

4.008 

1 5.042 

.709 

, 83. 58 

, 1,042.1 

38.5 

7.S0to6.99 

1 

6.80 

4.44 

4. 96 

.698 

1 83. 10 

1, 074. 0 

41.3 

S.2t)to 7.39.... 

1 

7. 34 

4.91 

4.06 

.650 

83. 04 

1,111.3 

44.2 

5.40 to 7,59 

1 

7. 59 

3.23 

5, 15 

.706 

S3. 32 

1, 090. 7 

29.6 

8,20 to S.39 

2 

8.365 

4. 925 

3. 605 

.772 

82. 33 

1,195.7 

41.2 


CROSSBRED COWS 


2.60 to 2,79 

1 

2. 72 

3.27 

3.91 

0. 682 

89. 42 

586. 5 

55.8 

2.80 to 2.99- . 

4 

2.933 

2. 915 

6. 113 

. 682 

88. 36 

635. 7 

45.9 

3.00 to 3.19 

19 

3.086 

3. 103 

5. 093 

.689 

88. 03 

659. 6 

47.0 

3.20 to 3.39 

19 

3.295 

3.203 

5.048 

, 685 

87.77 

682. 6 

46. 9 

3.40 to 3.59 

61 

3.497 

3.466 

4.987 

.697 

87. 35 

713.8 

48.6 

3.60 to 3.79 

89 

3. 700 

3.514 

4. 929 

.711 

87. 15 

733. 7 

47. 9 

3,80 to 3.99 

111 

3.895 

3.660 

4. 917 

, 716 

86.91 

754.2 

47.2 

4.00 to 4.19 - 

125 

4.099 

3.622 

4.878 

.723 

86. 68 

775. 4 

46.7 

4.20 to 4.39- - - — 

no 

4.293 

3.790 

4. 894 

. 723 

86. 30 

803. 2 

47.2 

4.40 to 4.59-..- 

130 

4.489 

3.864 

4.820 

.723 

86.10 

822. 6 

47. 0 

4.60 to 4.79--.---.-.. 

93 

4.690 

3.918 

4.833 

. 739 

85. 82 

845.6 

46.3 

4,80 to 4,99.. 

70 

4.896 

4.046 

4.820 

. 737 

85. 60 

871.0 

46.6 

6.00 to 5.19 

60 

6,090 

4.149 

4.834 

,743 

1 85. 18 

895. 7 

46. 3 

5.20 to 5.39 

42 

6. 278 

4.275 

4. 665 

.739 

85.04 

913.1 

46. 8 

5.40 to 5.59-.-.- 

27 

5.477 

4.480 

4.818 

. 761 

84.46 

960. 0 

47.2 

5.60 to 5.79.......... 

17 

5.679 

4.422 

4. 558 

.769 

84. 57 

955. 7 

46.3 

5.80 to 5.99,-..— --- 

11 

I 5.874 

4.735 

4. 383 

,756 

84.25 

983.1 

48.2 

6.00 to 6.19.. 

, 2 

6. 120 

4.836 

4.640 

.776 

83.63 

1,022.8 

47. 3 

6.20 to 6.39.-..-...--. 

" ' 4 ■ 

6.290 

4. 656 

4. 668 

.769 

83.63 

1,029.4 

'45.2 

6.40 to 6.59- 

■ 6. 

6. 472 

4.663 

4.747 

.798 

83.33 

1,051.3 

' ""44.'3 

7.40 to 7.59 

'■1 

7.50 

5. 54 

4.04 

,814 

82.11 

1,167.6 

• 47.4 
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Tiie equation E=^a + bf has been fitted to the average fat-percentage 
^and energy values of each of these tables by the method of least 
squares, and weighting by the number of records at each fat-per- 
centage class. The equations are given in Table 3, together with the 
directly determined equations of the investigators referred to at the 
outset. 

Table 3. — Milk-energy formidas for various breeds of coios 


Not classified 
lied Danish- 

Jersey 

Holstein.-. - 

Jersey,. 

Holstein.- -- 
G-uernsey- . . 

Ayrshire 

Crossbred-. - 


Breed 


Formula “ 


Authority 


115.33 (2.51+/). 
H-115 (2.44+0 -- 
jB-101 (3.59+0 -- 
128.55 (1.89+0. 
A;=106.9S (3.15+/). 
128.19 (1.99+/). 
116.80 (2.52+/). 
121.00 (2.20+/J. 
£?=116.11 (2.61+/). 


Overman and Sanmanii. 
M;ollgaard. 

Do. 

ICahlenberg and Voris. 
Present paper. 

Do. 


XJU. 

Do. 


« ^?-calories per kilogram milk, /== percentage fat content of milk. 
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_ A study of this table suggests that there is undoubtedly some 
difl'erence in the slopes of the breed curves. The Holstein breed has* 
the steepest curve and the Jersey breed the flattest. The slope of 
the present indirectly determined curve for the Holstein bre.ed agrees 
very closely with the directly determined data of Kahlenbetg and 
Voris. The similar comparison with Mollgaard's Jersey data shows 
somewhat less exact agreement, but the results are in accord in indi- 
cating a difference between the two breeds. 



FiauRis 2. "Observations of Table 2 showing? relation of milk energy to fat iiercentage. The line 
reijreseiits Overman and Sanmann's equation 


llie curves of the equations of Table 3 are plotted in Figure 1, 
wliicli gives a better general view of the variation between breeds 
than do the equations. The curves are plotted, to cover the range 
of fat percentage found in the observed data on which they are 
based. Considered within these limits the curves all lie in a eom- 
paratively narrow band with slope practically the same as that of 
Overman and Sanmaim’s mixed data. While the difference in breeds 
may,, be of real significance, there. is, no : great error involved, within 



1116 


Journal of Agricultural Research 


Vol. 48, No. 12 


the usual fat-percentage range of any breed, by using a single equa- 
• tion to describe the fat-energy relation for all breeds. 

The computed energy values of Table 2 are plotted against fat 
percentage in Figure 2. The curve of Overman and Saninann’s 
equati6n is also given as a guide. It is apparent that a majority of 
the observations lie above this line— that is, the equation gives 
values slightly too low to fit the observed values. This figure brings 
out a difference between high-testing Holstein and Jersey samples. 
High-testing Holstein samples tend to show an energy content above 
that expected, while the liigh-testing Jersey samples tend to show 
an energy content below that expected. In general. Figure 2 shows 
that breed differences are slight for samples testing within the 
usual fat-percentage range of the breed. 


PROTEIN-ENERGY RATIO 

Fredericksen {4) has pointed out that the ratio of protein to energy 
is nearly the same regardless of the natural fat-content percentage 
of the milk. This observation is of prime importance from the point 
of view of the whole-milk trade and from the point of view of dairy 
feeding standards. The protein-energy ratio has been computed for 
each fat-percentage class and is given in the last column of Table 2. 
The ratios for each breed have been connected with the fat percentage 
by means of the equations given in the following tabulation. The 
equations were fitted by the method of least squares weighting by 
the frequencies. 


Milligrams of protein 

Breed per calorie 

Holstein 46. 49+0. 46/ 

Crossbred,- 49. 68“ . 61/ 

Guernsey - 48. 89— . 83/ 


Milligrams of protein 

Breed per calorie 

Ayrshire 56. 29 — 2. 32/ 

Jersey 55. 59 — 2. 32/ 

Jersey 4_. 47.93- .87/ 


The observed ratios and fitted curves are shown graphically in 
Figures 3 and 4, and all the fitted curves are brought together in 
Figure 5. There seem to be marked differences between the breeds 
in the change of the protein-energy ratio with change in fat per- 
centage. The Holstein breed shows a general tendency for tlie ratio 
to increase with increase of fat percentage, while the Ayrsliire breed 
shows a marked decrease in the proportion of protein to energy as 
the fat percentage increases. It seems safe to say that the Ayi'shire 
and Holstein breeds are significantly difl'erent in the ])r()tein-en(‘rgy 
ratio of their milk. It may be noted that the Holstein observed 
values (fig. 3) are somewhat irregular, while the Ayrshire values 
(fig. 4) conform very closely to the fitted curve throughout the range. 

According to the fitted curves as shown in Figure 5, the Ayrshire 
and Jersey breeds resemble each other and stand moi'o or less apart 
from the other breeds. Eeference to Figure 4 suggests, however, 
that the Jersey curve may be influenced to a considerable degree 
by the observations below 4.10, and above /=6.10. If these 
observations, representing 33 analyses or 16.5 per cent of the total, 
are excluded a much flatter curve is obtained, as shown by the broken 
line in Figures 4 and 5. Tliis limited Jersey curve resembles the 
Guernsey curve. The data therefore leave one in doubt as to the 
genuineness of the resemblance of the Jersey curve to the Ayrshire 


For limits of/=4 to /=6.19. 
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[GURE 3.~-Relation between the protein-energj^ ratio and the fat percentage of the milk from 
Guernsey and Holstein breeds and crosses of these two breeds. The lines represent the fitted 
equations 



as i>^S ss s.s zs 

/c^ziPpe cp/yzj 


Figure 4.-~"Relation between the protein-energy ratio and the fat percentage of the milk from 
Ayrshire and Jersey breeds. The solid lines represent the fitted equations; the broken line 
applies to the Jersey data over the limited fat-percentage range 
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curve. It would be more natural on tlie basis of ancestral descent 
to accept tbe resemblance to the Guernsey curve. 

Generally speaking, the present ratios indicate that the amount of 
protein in whole-mifk samples from cows of all breeds lies between 
43 and 49 mg of protein per calorie. If we were to deal with the 
lactation milk yield of individual cows, or mixed herd milk, this 
range would undoubtedly be considerably reduced. So far as the 
whole-milk trade is concerned it is apparent that the reduction of 
normal whole milk to a calorie basis places it on a, food basis not 
only with respect to total nutrients, but also, substantially, with 



Figure 5.— Fitted curves showing the relation between the protein-energy ratio and the fat 
percentage of milk from different breeds of cattle. The broken line applies to the J ersey data 
over the limited fat-percentage range. The equations are given in the text 


respect to its protein content. So far as feeding standards for milk 
cows are concerned, it is apparent that on a calorie basis the varia- 
tion in protein content of the milk is practically negligible. 

SIMPLIFIED DAIRY FEEDING STANDARD 

The feed requirements for milk production are generally given in 
table form, listing numerous fat-percentage classes of milk. It has 
been shown [5, jig. 4) that the total nutrients required for lactation 
are closely proportional to the milk energy (Haecker’s law). Since 
the milk protein is also substantially proportional to milk energy, it 
follows that the main food requirements, total digestible nutrients, 
and protein can be expressed as very simple functions of the milk 
energy. 

One way of expressing milk energy is in terms of 4 per cent milk 
by the formula, 4 per cent milk=0.4M+ 15i^, where M is milk and 
F is fat, all in the same unit of weight. On the basis of 750 calories 
per Klogram of 4 per cent milk this formula is practically the same 
as that of Overman and Sanmann. Figure 1 shows that this formula 
is an adequate expression for all the breeds from a practical stand- 
point. One kilogram of 4 per cent milk, natural or by the 0.4M + 1 5F 
formula, contains 750 calories and 37 g of protein, on the basis of 50 mg 
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of protein per calorie. Allowing a 100 per cent margin for calories 
and a 50 per cent margin for protein (in line with current feeding 
standards), the lactation requirement for 1 kg of 4 per cent milk 
would be, therefore, 1,500 calories of digestible feed energy and 55 g 
of digestible protein. This principle is embodied in a plan for the 
teaching and practice of feeding dairy cows which is widely used in 
the Scandinavian countries at the present time. 

So far as dairy cows alone are concerned, it would appear entirely 
sufficient to determine for the various feeding stuffs simply the con- 
tent of energy and protein and the digestibility coefficient fol- the^e 
two items. The feeding value might then be expressed in terms of 
digestible energy and digestible protein, which as above pointed out, 
bear a definite ratio to the 4 per cent milk requirenients. This would 
reduce the amount of work necessary in feed analyses and diges- 
tion trials. 

INHERITANCE ASPECTS 

From an inheritance point of view it is interesting to compare the 
curves of Figures 1 and 5 relating to cows of the Guernsey and 
Holstein breeds and the crossbred cows resulting from the crossing 
of these two. With regard to the relation of milk energy to fat per- 
centage the difference between the parental breed curves is not great, 
and there is consequently little chance for clear-cut results in the cross. 
The slope of the crossbred curve is the same as that of the Guernsey 
breed and somewhat less than that of the Holstein breed. 

In the case of the protein-energy ratio, however, there is more 
difference in the parental breeds, and the crossbred cows take more 
or less distinctly an intermediate position. (Fig. 3.) It should be 
mentioned that the Guernsey and Holstein samples are not from the 
actual parents of the crossbred cows, but only from cows of the same 
breed as the parents. 

SUMMARY 

Milk-energy formulas for the Ayrshire, Guernsey, Holstein, and 
Jersey breeds, and Guernsey-Holstein crossbred cows have been 
derived from analyses available from this laboratory. The analyses 
(212), including a direct energy determination, were used to detexmine 
the energy value of the several milk components. The values were 
then applied to another, more extensive series of analyses (1,999), 
and the milk energy was thus indhectly determined. Based on fat, 
protein, and lactose only, the following values in caloiies per gram 
were found: Fat, 9.253 ±0.065; protein, 5.853 ±0.127; lactose, 
3.693 ±0.059. 

The breed formulas for the estimation of milk energy based on the 
fat percentage showed small but probably significant differences. As 
compared with the original formula of Overman and Sanmann the 
breed formulas, considered within the usual fat-percentage limits, all 
lay within a narrow band on either side. It is concluded that for 
practical purposes it is permissible to use a single formula for all 
breeds, which may be expressedin terms of 4 per cent milk as 4 per cent 
ixulk = 0.4M+ 15r , in which M is the weight of milk and F is the 
weight of fat, all in the same unit. One kilogram of 4 per cent milk — 
750 calories, or perhaps slightlyjmore. 
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The change m the protein-energy ratio with change in fat nercent- 
. age showed mo^re marked breed differences than were found for milk 
energy. _ Crossbred cows were intermediate as compared with the 
parent breeds. ^In a rough way the protein-energy ratio may be 
considered constant, lying usually within the limits‘of 43 to 49 mo-’ 
of protein per calone. With respect to protein and energy content 
the^hunian food value of natural cows’ milk is therefore proportional 
to the amount of 4 per cent milk by the above formuli. ^Por the 
purpose of a usable feeding standard for milk production, the n k 
inay be converted to a 4 percent basis by the above energy formu t 
and the digestible energy and protein requirements then'expressed 
as constant multiples of the 4 per cent milk. It is suggested that 
fading standards for milk production might be adequately handled 
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INHERITANCE OF REACTION TO STEM RUST AND BARB- 
ING OP AWNS IN BARLEY CROSSES ^ 

Powers, Assistant Plant Geneticist^ Minnesota Agricultural Experiment 

Station, and Lee Hines, Agent, Division of Barberry Eradication, " Bureau of 

Plant Industry, United States Department of Agriculture ^ 

INTRODUCTION 

Information regarding the mode of inheritance of reaction to certain 
plant pathogenes aids the plant breeder in developing a logical plan 
for the improvement of particular crop plants. This paper presents 
the remilts of a, study of the transmission of reaction to stem rust 
{Puccinia graminis tritici Eriks, and Henn.) in a cross between sus- 
ceptible and resistant varieties of barley (Hordeum vulgar e L.). The 
data were taken in an endeavor to determine the number of factor 
•pairs differentiating resistance and susceptibility and whether these 
factors are inherited independently of the Rr factor pair for rough 
and smooth awn. 

Considerable progress has been made in determining the manner 
in which resistance to the attacks of stem rust is inherited in the 
genus Triticum, but the writers have been unable to find references 
to work of this nature with the genus Hordeum. Since the literature 
pertaining to Triticum has recently been reviewed by Hayes et al.® 
such a review is not included here. 

MATERIALS AND METHODS 

The parents used in the crosses were Glabron, Peatland, and Minne- 
sota No. 462. Glabron and Minnesota 462 are smooth-awned sister 
selections from a cross of Smooth Awn X Manchuria. Peatland is a 
rough-awned selection from a variety called Switzerland. 

Both the Fi and F3 generations were grown in 6-foot rows 1 foot 
apart, the Fj being spaced 4 inches apart within the row and the P3, 
3 inches. The Glabron and Peatland parents were sown in every 
tenth and eleventh row, respectively. The F3 families were from 
seed of F2 plants chosen at random. 

No artificial epidemic of stem rust was attempted. The field nurs- 
ery in which the barley was grown was 2 or 3 rods from the spring- 
wheat rust nursery. In the epidemic induced in spring wheat a large 
number of physiologic forms of stem rust were used. It is possible 
that most of the barley infection was a result of the spread of rust 
from the spring wheat. 

In order to identify the physiologic forms present, urediospores 
were collected from the nearly mature plants of Glabron, Peatland, 


1 Received for publication Jan. 14, 1933; issued July, 1933. Paper No. 1167 of the journal series of the 
Minnesota Agricultural Experiment Station. 

2 The writers wish to express their sincere appreciation to Dr. H. K. Hayes and Dr. E. 0. Stakraan for 
kindly suggestions and criticisms during the course of the experiments and preparation of the manuscript, 
and to Dr. F. R. Immer for his criticisms of the statistical phases of the paper. 

3 Hates, H. K., Ausemus, E. R., Stakman, E. C,, and Bamberg, R. H. correlated inheritance 

IN SPRING WHEAT CROSSES OF REACTION TO STEM RUST, LEAF RUST, BLACK CHAFF, AND BUNT. Unpublished 

manuscript. 


Journal of Agricultural Research, 
Washington, I). O. 


( 1121 ) 


Vol, 46, No. 12 
June 15, 1933 
Key No. Minn.-Sl 



1122 


Journal of Agricultural Research 


Vol. 4(5, No. 12 


Minnesota 462, the Fi generation of Minnesota 462 X Peahland, and 
susceptible and resistant plants of one of the is laniilies of the Peat- 

land X Glabron cross, . . i 

All notes were taken in the field at that stage in the development 
of the^pltots when the heads were mature but the culms were still 
somewhat green. The plants were pulled and classified as to ba rbing 
of awns and reaction to stem rust. An attempt was Tnad(‘. to ^i^pnniie 
the rough and smooth-awned plants on the basis of the spgroga.iioa 
of the i?r factor pair disregarding the & factor pair ((Jriflee 
Likewise only two classes were used in separating the resistant a.nd 
susceptible plants, since it was impossible to dilfcu'cntiate between 
the homozygous resistant and the heterozygous resistant individuals. 

In analyzing the data, Fisher^s (1) method of partitioning into 
its components was used, and the values of P are taken from his table 
of Throughout the analyses a value of P ^ 0.05 was taken as the 
lower level of significance. Values of P equal to or below this level 
give odds equal to or greater than 19 :1 that the deviations notcMi are 
not due to errors of random sampling. ^ Such values are considered 
as statistically significant throughout this study. 

EXPERIMENTAL RESULTS 

PHYSIOLOGIC FORMS PRESENT 

Identification of the physiologic forms of Puccmia gram/vnis trihci 
showed that Nos. 17, 38, and 49 were present. Forms 38 and 49 
were isolated from plants of Minnesota 462 and Peatland ; Forms 17, 
38, and 49 from Glabron, Form 38 from the Fi generation of Minnesota 
462 X Peatland and the resistant Fa plant of Peatland X Glabron, and 
Forms 17, 38, and 49 from the susceptible F3 plant of Peatland X 
Glabron, It is of interest to note that the susceptible Fg plant of 
Peatland X Glabron was infected with the same threo physiologic 
forms as Glabron, whereas from the resistant Fi generation of Minne- 
sota 462 X Peatland and the resistant F3 plant of Peatland X Glabron 
Form 38 only was isolated. 

It is probable that the infection was caused by Forms 17, 3(8, and 49. 
However, it should be kept in mind that Hayes and otluu’s (5, ff, 7), 
Harrington (4), Stakman (P), and Goulden and Neatby (2) liavc^. 
shown, that mature plants of some varieties of wlieat undei' (!(9(1 con- 
ditions possess resistance to many and perhaps all forms of Puecima 
graminis triiici. On the other hand, it seems probable that physio- 
logic forms of P. graminis secalis and Henn. were not [)r(‘*s(ud, 

and therefore the present study may not be indicative of the reacdion 
of the crosses and parents to this variety of steni ru^^ 

REACTION TO STEM RUST 

An epidemic of stem rust developed on the parents ami on tins Fi 
and Fs generations. Sixty-three F3 families from F2 plants choscii at 
random were classified for breeding behavior into homozygous resist- 
ant, heterozygous, and homozygous susceptible. The aceiiracy of the 
classification was measured by thereaction of the Peatland and ( i labi'on 
parents. Only one plant from the seven rows of the Peatland parent 
proved susceptible. It is believed that susceptibilitv in this insta,.nce 
was due to mechanical mixture of the seed, such as may occur in thresh- 


« Reference is made by number (italic) to Literattw-e Cited, p 1129 , 
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ing and planting operations. Two of the seven rows of the Glabron 
parent possessed resistant plants, the frequency in these two rows being 
5 .0 and 15.4 per cent. These apparently resistant plants probably were 
genetically susceptible ones which escaped infection b}^ chance. 


riQtjRE l.— Dominance of resistance to stem rust; A, Susceptible parent, Minnesota 462; B, generation 
of a cross between Minnesota 462 and Peatland; C, resistant parent, Peatland 

Dominance 

It was inapossible to distinguish between the heterozygous and the 
homozygous resistant plants of the second generationV as Figilre 1 
shows," and therefore the plants were classified by means of the F 3 
families. The results obtained in the F 3 generation are illustrated 
in Figure 2 . The culms of Glabron are shown in Figure 2 , A, those 

1587—33^ — -5 ' 
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from a homozygous susceptible Fj progeny in 2, B, those from a 
homozygous resistant F3 progeny in 2, C, and those of the Peatland 
parent' in 2, D. As in F2, the plants of the F3 could be placed only in 
the two classes, resistant and susceptible, since the heterozygous 
individuals were indistinguishable from those homozygous for re- 
sistance. It may be concluded, therefore, that in this cross resistance 
is dominant to susceptibility. 



Figure 2.— Reaction to stem rust of parents and of a homozyprous susceptible and a resistant Fa plant 
of a^'cross between Peatland and Glabron: A, Glabron, susceptible parent; B, susceptible F;i plant; C, 
resistant Fs plant; and D, Peatland, resistant parent 


Table 1.— Segregation of the F 2 generation of Peatland X Glabron for reaction to 
stmn rustj the classification being based upon the reaction of Fz families 


. 

" . ■ 

’ 1 Phenotypic class 

% 

Geno- 
type , 

Number 
of families 
obtained 

Number 
of families 
expected 
on basis of 
1 -factor 
pair dif- 
ference 

Homozygous resistant 

TT 

1 ■' 11 

16 

Heterozygous— , _ 

Tt 

'32' 

31 

Homozygous susceptible- - 

U 

14 

16 


' r 

Table 1 presents the phenotypes and genotypes of the F 2 generation 
of the cross Peatland X Glabron as determined from the families. 
Statistical analyses are not necessary to show that the numbers 
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obtained in the three phenotypic classes are very close to those 
expected on the assumption that Glabron and Peatland are diJfferen- 
tinted by a single factor pair. In this connection it should be pointed 
out that 4 of the 14 families classed as homozygous susceptible had a 
few resistant plants. The frequency of these resistant plants yaried 
from 5.3 per cent to 16.7 per cent. A reversal of dominance would 
be necessary to explain resistant plants among those classed as 
homozygous for susceptibility. However, since resistant plants were 
found also in two rows of Glabron, it seems probable that those found 
ill the four families grown from susceptible parents are in reality plants 
that escaped infection and therefore the placing of these four families 
in the homozygous susceptible class is justifiable. If the alternative 
were accepted (of putting them in the heterozygous class) a total 
value of 2.8413 with a value of P between 0.20 and 0.10 would be 
obtained. This value is not statistically significant and therefore the 
data may be considered as fitting the hypothesis, which assumes 
that only 1 factor pair is involved in the cross. 

It remains to be determined whether segregation within the Fs 
families supports the results obtained with the F2 generation. As 
Table 1 shows, 32 F3 families were found to be segregating for reac- 
tion to stem rust. These 32 families represented a total of 2,196 
plants, of which 1,646 were resistant and 550 were susceptible. Sta- 
tistical analysis is not necessary to demonstrate that this is very close 
to the ratio of 1,645 resistant : 549 susceptible, which would be ex- 
pected if resistance and susceptibility are differentiated by a single 
factor pair. 

However, Eark and Immer (8) have pointed out that a factorial 
analysis based upon the total number of plants in the different classes 
disregarding segregation within families is not always reliable, as 
inherent discrepancies may be covered up. To determine whether 
such were the case in these studies, the test for goodness of fit was 
applied to the data. The results are shown in Table 2. 


Table 2. — test for goodness of fit between the reaction of Fz families to stem rust 
and the theoretical expected based on a 1 -factor pair difference 


Family 

No. 

Resist- 

ant 

Suscep- 

tible 


P lies be- 
tween— 


Family 

No. 

Resist- 

ant 

Suscep- 

tible 

X^ 

P lies be- 
tween— 

1537 ' 

59 

25 

1. 0169 

1 0.50 and 0.30 1 

1585 

12 

5 

0. 1765 

0. 70 and 0. 50 

1540 - 

60 

21 

. 0370 

, 90 and . 

,80 

1587 

54 

17 

. 0423 
2. 1228 

. 90 and . 80 

1542,__,-.. 

59 

20 

. 0042 

, 95 and . 

90 

1589 

17 

2 

. 20 and . 10 

1543 

67 

25 

. 2319 

.70 and . 
. 20 and . 

50 

1590- -- 

13 

5 

.0741 

.80 and . 70 
, 50 and . 30 

1546, 

54, 

27 

2. 5720 

10 

1599 

28 

6 

.9804 

1551 

86 

73 

24 

. 5939 

. 60 and . 

30 

1600 

21 

. 5000 

. ^fcnd 30 

1552—,,. 

1 26 

. 0842 

.80 and . 

70 

1601 

69 

32 

2.4059 

. mud . 10 

1554. 

82 

1 32 

. 5731 

. 50 and . 

30 

1604- — . 

30 

12 

. 2857 

.70 and . 60 

1557 

29 

12 

.3984 

.70 and . 

50 

1606 

7 

i! 

. 0370 

.90 and . 80 

1564 

70 

. 21 

. 1795 

1 . 70 and . 

60 

1610_.... 

43 

. 0230 

.ll)and .80 

1573. .... 

23 

7 

.0444 

. 90 and . 

80 

1611-...- 

77 

15 

23 

3.7101 

. 10 and . 05 
.50 and .30 
..50 and ,30 
. 02 and .01 

1574...-. 

32 

17 

27 

' 3. 5986 

. 10 and . 

05 

1612. - 

81 

.4615 

1577 

60 

, 1.6897 

. 20 and . 

10 

1615. - 

27 

12 

.6923 

1578. 

1 26 

; 15 

2. 9350 

. 10 and . 

05 

1603 

34 

! 3 

1 '32 

5.6306 

1579 — .-- 

i" ' 89 

! 21 

2. O-tSS 

.20 and . 

10 

1538 ... 

50 

8. 6016 
9. 1263 1 

. 01 and .00 
.01 and . 00 

1581 

. 76' 

17 

2.2401 

.20 and . 

10 

1556 

84 

i ' 


Total value* 53 . 1165. 

Deviations of x®“2.37Xstandard error. 


An examination of Table 2 reveals the fact that the last 3 families 
gave values of P lower than 0.05. Due to the large values of in 
these three families, the total for all of the F3 families (53.1165) 
slightly exceeds the limits of significance. By Fisher’s (f ) method 
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tlie deviations noted are 2.37 times the standard error. Since only 
3 of the 32 families deviated significantly from the expected,, a test 
to determine whether the frequency distribution of values for 
individual families fits the expected was made. The results of such 
a tesh as outlined by Kirk and Iinmer (S) are given in Table 3. 

Table 3. — Frequency disti'ihuHon of values for goodness of fit between the reaction 
of individual Fz families to stem rust and the theoretical expected based on a 
1 -factor pair difference 



P 

Expect- 

Ob- 

io~cy 


P 

Expect- 

Ob- 

(0-0? 

X 


ed 

tained 

c 



ed 

tained 

C 

0. 0000 

1.00 

0. 32 



0. 4550 

0. 50 

6. 40 

7 

0. 0563 

.0002 

.99 

.32 



1. 0740 

.30 

3. 20 

0 

3. 2000 

,0006 

.98 

.96 

1 

1. 5125 

1. 6420 

.20 

3.20 

6 

2. 4500 

.0039 

.95 

1.60 



2. 7060 

.10 

1.60 



.0158 ' 

,90 

3.20 

5 

1. 0125 

3. 8410 

.05 

.96 



.0642 

.80 

3. 20 

2 

.4500 

5 . 4120 

.02 

.32 

> 3 

,0001 

.1480 

.70 

6. 40 

5 

.3063 

6, 6350 

.01 

.32 

1 



xa =8.9877. 

P lies between 0.30 and 0.20. 

Because of tbe small numbers, the upper four expected values and the lower four were each grouped 
into one class. The value obtained was 8.9877, which has an accompanying P value between 0.30 and 
0.20. Probably the three exceptional families may be accounted for by chance alone, and the segregation 
of Fa families for reaction to stem rust is that expected if the Glabron and Peatland parents differ by a 
single factor pair. Since the results from both the Fa and the Fs generations indicate that the parent varie- 
ties differ in their reaction to stem rust by a single factor pair, the genotype of Peatland is designated TT 
and that of Glabron tt. The letter Tis taken from tritici, because the physiologic forms to which Peatland 
is resistant are classified as Fuccinia graminis tritici. 

INDEPENDENCE OF INHERITANCE OF REACTION TO STEM RUST AND BARBING 

OF AWNS 

The results of studies to determine the linkage relationsliips 
between reaction to stem rust and barbing of awns are presented 
in two parts: ( 1 ) The evidence furnished by the genotypes of the 
F 2 plants as determined by the breeding behavior of the F 3 families, 
and ( 2 ) an analysis of the F 3 families that segregated for both reac- 
tion to stem rust and barbing of awns. 

Evidence Furnished by the F 2 Generation Genotypes 

To determine whether the F 2 generation segregated in the ratio 
of 9 :3 :3 : 1 , as would be expected if the RE and TT factor pairs are 
not linked, the test for goodness of fit was applied to the data. 
A x^ value of 4.0758 wms obtained, giving a value for P between 
0.30 and 0.20. A more detailed study was made by applying the x^ 
test to a classification of the F 2 generation based on the nine different 
genotypes expected. The results, summarized in Table 4, show 31 
rough-awned and resistant, 10 rough-awned and susceptible, 18 
smooth-awned and resistant, 4 smooth-awned and susceptible, which 
is very close to the ratio 32:9:17:5, which would be expected on 
the basis of independent inheritance. A P value lying between 
0.10 and 0.05 was obtained. Considering that there were only 63 
F 3 families on which to classify the F 2 generation, the fit between 
the expected and the obtained is good. 
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So far as the F 2 generation is concerned, therefore, the evidence 
sustains the hypothesis that reaction to stem rust and barbing of 
awns are independently inherited. 

Table 4. — for goodness of fit to test whether the number of individuals obtained 
in the nine different F 2 generation genotypic classes vary significantly from the 
expected 


Genotype 

Phenotype 

Obtained 

Expected 

(0-C)2 

c 

RETT. 

Rough awn and resistant _ 

2 

3. 9375 

0. 9534 

ERTt. 

do - 

13 

7. 8750 

3. 3353 

EtTT. 

do - 

7 1 

7.8750 

.0972 

RrTt 

do-- - 

9 1 

15. 7600 

2. 8929 

RRtt 

Rough awn and susceptible 

1 

3.9375 

2.1915 

Rrtt 

do _ - 

9 

7. 8750 

.1607 

ttTT, 

Smooth awn and resistant 

8 

3. 9375 

4. 1915 

TrTt 

do - 

10 

7.8750 

. 5734 

rrtt 

Smooth awn and susceptible 

4 

3. 9375 

. 0010 







14.3969. 

P lies between 0.10 and 0.05, 


Evidence Furnished by Analysis of Fs Families 

An analysis of the F 3 families segregating for both characters 
permits a study of considerably larger numbers of plants (767) than 
the F 2 ; hence the results are more reliable. 

In studying the F 3 data it is well to keep in mind that should there 
be linkage between RR and TT due to crossing over in the Fi, some 
of the F 3 families would represent the coupling phase and others the 
repulsion phase. Since the original cross was in the coupling phase 
the closer the linkage the greater should be the preponderance of 
families in this phase. As both the coupling and repulsion phases 
may be present it seemed desirable to apply to each Fa family a 
test for goodness of fit to a 9:3:3:1 ratio. /When this was done it 
was found that 4 of the 10 families segregating for both factor pairs 
deviated significantlv from the theoreticallv expected ratio of 
9:3:3: 1 . (Table 5.) “ 

Table 5. — for goodness of fit to a 9:3:3:1 ratio of those Fs families segregating 
for barbing of awns and reaction to stem rusty partitioned into its components ^ 




for 

goodness 
of fit to a 
9:3:3:1 
ratio , 

x2 for goodness of fit 
to a 3:1 ratio 

Interac-* 

tion 

between 

Family No. 

Ratio 

obtained 

Rough 

V. 

smooth 

Resistant 

jy. 

suscep- 

tible 

type of 
awn and 
reaction 
to stem 
rust 

1537 - 

37:17:22:8 

6. 2439 

5.1429 

1. 0169 

0. 0851 

1579 

64:18:25:3 

3. 5192 

. 0121 

2. 0485 . 

1. 4586 

1585— 

9:3:3:2 

. 8824 

. 1765 

. 1765 

. 5294 

1581 - 

64:14:12:3 

6, 3453 

3. 9032 

2.2401 

.2020 

1601— ... - 

50:21:19:11 

4. 5226 

1. 1914 

2.4059 

.9253 

1610.-.............-.-..-.-... — ..-. 

36:14:8:1 

3. 7318 

2. 7816 

.0230 

.9272 

1643——.—...—... 

62:21:5:4 

12.0773 

11. 3623 

.2319 

.4831 

1556 

79:8:5:3 

28. 3029 

13. 9263 

9.1263 

«.2503 

1673.. - — - 

11:4:12:3 

10. 4148 

10. 0000 

. 0444 

.3704 

1577— — 

54:25:6:2 

13.8429 

11. 6900 

1.6897 

.6632 


■" Total 


89.8831 

60.0863 

19.0022 

10.7946 




1 Levels of significance (Fisber (0) n-lis 3,841, n=I0is 18.307, «=30 is 43.773. 
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These results made it expedient to analyze the Fy families further. 
This was accomplished by partitioning x^^nto its components. The 
nietliod employed was similar to that outlined by Fisher {1 ) for back- 
cross data. Since the ratio of rough to smooth type of awn is entirely 
independent of the ratio of resistant to susceptible plants, that part 
of the deviations not due to segregation for barbing of awn and for 
reaction to stem rust must be due to linkage between Rx and Tt. 

Tests for goodness of fit to a 3:1 ratio for segregation of barbing of 
awns of these 10 F3 families were made by means of x^- Likewise 
tests for goodness of fit to a 3:1 ratio for segregation of F3 families 
into resistant and susceptible classes were made. The interaction 
between type of awns and stem rust was obtained by subtracting the 
X“ due to segregation for barbing of awns plus the x^ due to segre- 
gation for reaction to stem rust from the total x^ of each F3 families for 
goodness of fit to a 9:3:3:1 ratio. The values obtained for the inter- 
action between type of awn and reaction to stern rust should approx- 
imate those obtained from a x^ test for independent inheritance. 

Table 5 shows that with the exception of family 1556 all of the 
significant x^ values are found in the column headed Rough y. 
smooth.” The segregation is definitely not that to be expected on 
the basis of a 1-factor pair difference between rough and smooth- 
awmed types. Since the classification for barbing of awms was made 
without the aid of the binoculars it is believed that the deviations 
noted in five of the families are due to the & factor pair (Griffee (S)), 
which also affects barbing of awms. A total value of 10.7946 was 
obtained for the interaction between type of awn and reaction to 
stem rust. This value is not significant, and therefore, except possibly 
in the case of family 1556, it does not seem that linkage is responsible 
for the x^ for goodness of fit of F3 progenies to a 9 :3 :3 : 1 ratio being 
significant. The method employed of determining whether two 
characters are independently inherited is superior to the x^ tost for 
independence since considerably more information may be derived 
from the same amount of data. 

The data for the F2 and F3 generations support the hypothesis that 
in the cross between Peatland and Glabron reaction to stem rust and 
barbing of awns are inherited independently of each other. 

SUMMARY AND CONCLUSION 

Inheritance of resistance to stem rust of wheat and barbing of 
awns was studied in crosses of barley. 

Identification studies showed that the physiologic forms of Puccinia 
graminis causing the stem rust were Nos. 17, 38, and 49. 

Resistance was found to be dominant to susceptibility. 

The reaction to stem rust of Peatland, a resistant parent, and 
Glabron, a susceptible parent, was differentiated by a single factor 
pair. This factor pair was designated Tt, 

An analysis of F2 genotypes and of 10 F3 families segregating for 
barbing of awns (Rr) and reaction to stem rust {Tt) showed that these 
two factor pairs are not linked. 

Sihee reaction to stem rust is differentiated by a single factor pair 
and is not genetically linked with barbing of awns, it should be rela- 
tively easy to produce a smooth-awned, liigh yielding variety of 
barley resistant to physiologic forms of stem rust Nos. 17, 38, and 49 
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LABORATORY TESTS WITH VARIOUS FUMIGANTS ON 
CODLING-MOTH LARVAE ^ 


By Joseph M. Gintsburg 

Biochemist in Entomological Investigations^ New Jersey Agricultural Experir^ent 

Station 

INTRODUCTION 

The rapid increase in codling-moth infestation from year to year 
in the aging apple orchards of New Jersey and other States offers a 
difficult problem to the orchardist. The standard spray of lead 
arsenate often fails to give efidcient control of this pest because of the 
overwhelming numbers of larvae appearing during the hatching periods 
of the first and second broods. More efficient control has been 
obtained by the addition of white-oil emulsion or fish oil to the lead 
arsenate, the oil acting as a sticker for the lead arsenate as well as an 
ovicide for the codling-moth eggs. The number of summer oil sprays, 
however, which can be used without injury to apple trees is limited to 
about 2 or at most 3, during 1 season. Even with tins limited 
number of oil sprays, injury to foliage and fruit has been observed 
{l, 5y in New Jersey. While searching for other means of controlling 
this pest, Dr. T. J. Headlee considered the possibility of fumigating 
apple trees in the dormant stage with liquid hydrocyanic acid or 
other suitable fumigants. Following his suggestion, the writer 
carried out fumigation tests in the laboratory with some of the 
outstanding fumigants in order to determine their toxicity to codling- 
moth larvae. The results are presented in this paper. 

DESCRIPTION OF FUMIGANTS USED 

Hydrocyanic acid (HCN) in liquid forna is colorless, miscible with water in all 
proportions, boils at 26.5° C., and has a specific gravity of 0.702 at 16°. Its 
vapors are very volatile, inflammable, and extremely poisonous to man. Great 
precaution should be observed in handling it. Since 1916 it has been extensively 
used (2, S, 6, 7, 8) in f animating citrus trees against scale. 

Ethylene chlorhydrin (C2H5OCI) is a colorless liquid, soluble in water, possesses 
an ethereal odor, boils at 128° C. and has a specific gravity of 1.213 at 20 °. 

Ethelyne dichloride (C 2 H 4 CI 2 ) is a colorless liquid with chloroformlike odor, 
insoluble in water, boils at 83.5° C., and has a specific gravity of 1.254 at 20 °. 
The two aforementioned compounds were tested by Roark and Cotton (4 ) . 

Ethylene oxide (C 2 H 4 O) is a colorless liquid, boiling at 14° C,, gaseous at room 
temperature, soluble in water, and has a specific gravity of 0.887 at 7°. The 
concentrated vapors are inflammable but practically noninjurious to man. The 
fumigating value of this compound was first reported by Roark and Cotton {4). 

Diethylene oxide (C 2 H 4)20 is a colorless, volatile liquid, boils at 101° C., has a 
specific gravity of 1.037 at 20°, and is soluble in water in all proportions. 
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Ethyl acetate (C 4 H 8 O 2 ) is a colorless liquid of strong ethereal odor, soluble in 
water, boils at 77° C., and has a specific gravity of 0.9 at 20°. Vapors of ethyl 
acetate were found by Roark and Cotton (4) to be toxic against grain weevil. 

Carbon bisulphide ' (CS 2 ) is a colorless liquid of 1.29 specific gravity.^ Its 
vapor is 2.5 times as heavy as air and highly explosive when mixed with 3 
times its volume of oxygen. It boils at 46.1° C., and is only slightly soluble in 
water. It possesses high toxicity to insects, both in adult and larval stages. 

EXPERIMENTAL METHODS 

All the chemicals tested were applied in liquid form and were 
allowed to vaporize in the fumigating chamber. The insects, in 
numbers of 20 or more, were placed in wire cages and transferred to 
the fumigating chambers. The chemicals were then added by the 
use of a pipette, and the chamber was tightly closed. After 1 hour 
the insects were removed from the chamber and kept for 24 hours in 
the laboratory before the final observations were made. 

A period of 24 hours for final observations was found necessary in 
order to avoid erroneous results. Preliminary tests showed that some 
larvae, appearing dead immediately after the test, partially recovered 
after several hours exposure to the air. This behavior was especially 
noticeable when hydrocyanic acid was used as the fumigant. On the 
other hand, some larvae, which were alive when removed from the 
fumigating chamber, died a few hours later. The mortality was 
especially pronounced when ethylene chlorhydrin was used. 

For all the chemicals tested, except the liquid hydrocyanic acid, 
large glass bottles of approximately 204 capacity (19,750 cc) were 
used as fumigating chambers. The tests were carried out in the 
following manner: IVire cages containing the insects were placed in 
the glass container. The chemicals were applied from a pipette on 
strips of cheesecloth suspended from rubber stoppers. The cheese- 
cloth absorbed and spread the chemical over a large surface, thus 
aiding in rapid vaporization. The bottle was then tightly stoppered 
and allowed to stand for 1 hour, with frequent shaking to produce 
equal distribution of the vapors. After 1 hour the cages were removed 
and exposed to laboratory temperature for 24 hours. The insects 
were then removed and examined. The bottles were thoroughly 
aerated between tests. 

A special fumigating chamber was prepared for the hydrocyanic 
acid on accoimt of the danger in handling it. This consisted of a 
round container, having a capacity of 5 cubic feet and made of block 
tin. An opening about 3 inches in diameter, made airtight by the aid 
of a top screw and lid, was provided on the top for introducing the 
insects and fumigant. Two small openings fitted with stopcocks, one 
on the top and one on the side near the bottom, were used for aerating 
the chamber after each test. In the tests with hydrocyanic acid gas 
the^ cages containing the insects were first transferred to the fumi- 
gating chamber. A small sheet of asbestos, heated to about 100° C. 
was then placed in the chamber for the purpose of causing rapid 
evolution of the gas, and the desired amount of liquid hydrocyanic 
acid was transferred from a pipette (especially prepared for this 
purpose) to^ the hot sheet. The upper opening was closed quickly 
and made airtight. In order to produce an equal distribution of the 
gas the container was shaken several times during the period of testing. 
At the end of this period the chamber was thoroughly aerated by 
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passing air under 30 pounds pressure through it for 5 to 10 minutes. 
The insects were then removed, transferred to new cages, and kept in 
the laboratory for 24 hours when the final observations were made. 

By this method seven of the. outstanding fumigants were tested on 
codling-moth larvae, both ^^naked^^ and in hibernacula. The larvae 
were obtained from either burlap or corrugated paper bands removed 
from apple trees. For the naked” tests the larvae were completely 
freed from their hibernacula before being transferred to the cages. 
The number of larvae used in each test varied from 50 to 200. ^ 

The minimum dosages of the various fumigants, calculated in cubic 
centimeters of liquid per 100 cubic feet of space, required to kill 
75 per cent or more of the larvae at laboratory temperatures were 
first determined. A comparison of the data in Table 1 shows that 
ethylene chlorhydrin and hydrocyanic acid proved most toxic, with 
minimum dosages of 20 and 30 cc, respectively. Carbon bisul- 
phide and ethyl acetate ranked very low in toxicity, with minimum 
dosages of 286 and 572 cc, respectively. Diethylene oxide, ethylene 
oxide, and ethylene dichloride were midway between the two extremes, 
with minimum dosages of 115, 143, and 215 cc, respectively. 


Table 1 . — Minimum dosages of various fumigants required to kill 75 per cent or 
more codling^moth larvae at laboratory temperahires 


Fumigant used 


Chemical formula 


Ethylene chlorhydrin. 


C2H5OCI. 


Hydrocyanic acid, 


HCN. 


Ethylene oxide. 


C2H4O 


Ethylene dichloride. 
Biethylene oxide... 
Carbon bisulphide.. 


C2H4C12- 
(C2H4)20. 
CS2 


Ethyl acetate. 


C4HSO2. 


None (check). 


Tern- 

Rela- 

tive 

humid- 

ity 

Quantity 
used per 
100 cubic 
feet 

Total 

.Dead after 

24 hours 

pera- 

ture 

(°F.) 

larvae 

tested 

Naked 

In 

hiber- 

nacula 

76 

76 

Per cent 
51 

cc 

20 

Number 

100 

Per cent 
75 

Per cent 

51 

36 

100 

78 

68 

61 

30 

200 

90 

68 

61 

60 

200 

78 

70 

40 

143 

50 

90 

70 

40 

572 

50 

100 

75 

30 

215 

50 

80 

75 

30 

286 

50 

76 

74 

50 

115 

50 

92 

74 

30 

286 

100 

80 


74 

30 

572 

50 

91 

' 76 

32 

572 

50 

80 

> 76 

32 

1, 174 

50 

78 

100 

2 

L 



100 


None 






These results indicate that ethylene chlorhydrin and hydrocyanic 
acid gas are very toxic to codling-moth larvae. It was, therefore, 
deemed advisable to test these two compounds further at various 
temperatures. Three sets of temperatures were selected as follows: 
40° F., or lower; 50° to 60°; and 60°, or higher. For the two lower 
sets of temperatures advantage was taken of the exceptionally mild 
fall of 1931, and the tests were carried out in an open insectary. 
During the latter part of November and the early part of December 
the morning temperatures were just above freezing and gradually rose 
during the day to about 60° or higher. Tests under the higher set 
of temperatures were carried out in the laboratory. 
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Table 2.— -Tests with ethylene chlorhydrin on naked codling-moth larvae and larvae 
in the hihernacula fumigated for 1 hour at different temperatures 


NAKED LAKVAE 


Temper- 

ature 

CF.) 

Relative 

humid- 

ity 

Fumi- 
gant used 
per 100 
cubic feet 

Total 

larvae 

tested 

Larvae 
dead 
after 24 
hours 


Per cent 

cc 

Number 

Per cent 



f 10 

60 

62 



20 

300 

83 

68-72 

32-51 

\ 30 

50 

100 



70 

50 

100 



1 140 

50 

100 


f 50 

10 

60 

60 


50 

20 

50 

72 

50-56 

\ 50 

40 

50 

100 


52 

70 

60 

100 


[ 52 

140 

50 

100 


f 52 

20 

50 

6 

37-40 

I 56 

1 56 

40 

70 

50 

50 

28 

100 


1 50 

140 

50 

100 


LARVAE IN HIBERNACULA 




f 20 

50 

40 



30 

50 

53 

54-62 

29-46 

1 40 

50 

100 



70 

60 

100 



1 140 

60 

100 



f 20 

60 

0 

37-40 ' 

30-56 

j 40 

1 70 

60 

60 

0 

94 

I 


1 140 

60 

100 


TOXICITY OF ETHYLENE CHLORHYDRIN AT DIFFERENT 
TEMPERATURES 

The results on naked larvae, presented in table 2, indicate that the 
toxicity of ethylene chlorhydrin is not changed at temperatures 
varying from 50^ to 72° F. At this wide range of temperatures 30 cc 
per 100 cubic feet was the minimum dosage required to kill 100 per- 
cent larvae. At temperatures of 40° or lower, the toxicity of ethylene 
chlorhydrin was decidedly decreased, a dosage of 70 cc per 100 cubic 
feet being required to produce 100 per cent kill. When tested on larvae 
in hihernacula (Table 2) a dosage of 40 ccper 100 cubic feet of space 
was sufficient to produce 100 percent kill, at temperatures of 54° to 
62°, whereas more than three times this quantity (140 cc) was re- 
quired to kill 100 per cent of the larvae at temperatures of 37° to 40°, 

TOXICITY OF HYDROCYANIC ACID GAS AT DIFFERENT 
TEMPERATURES 

Kesults similar to those obtained with ethylene chlorhydrin were 
also obtained with hydrocyanic acid gas (Table 3). Tests on naked 
larvae showed no differences in toxicity between temperatures of 54° 
to^72° F., 40 cc per 100 cubic feet being the minimum dosage re- 
quired to loll from 90 to 100 per cent of the larvae. At a tempera- 
ture of 40°, or lower, however, the toxicity was greatly reduced and 
80 cc of the gas gave only about 30 percent kill When tested on 
larvae in hibernacula, no appreciable differences in toxicity were ob- 
served at temperatures ranging from 54° to 64°, a dosage of 30 cc per 
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100 cubic feet giving 92 to 100 per cent kill of larvae. On the otherj 
hand, at 40° or lower a dosage of 80 cc gave 30 per cent kill, whereas 
a dosage of 160 cc killed only 44 per cent of the larvae. 

Tablie 3 . — Tests with hydrocyanic acid gas on naked codling moth larvae, and 
larvae in the hibernacula, fumigated for 1 hour at different temperatures 

NAKED LARVAE 


Volume 
of fumi- 
gant used 
per 100 
cubic 
feet 

Total of 
larvae 
tested 

Larvae 
dead 
after 24 
hours 

Tem- 

perature 

(°F.) 

Relative 

humidity 

Cc 

Number 

Per cent 


Per cent 

20 

50 

57 

] 


40 

100 

96 

\ 64-72 

48-60 

80 

100 

100 

I 


20 

100 

64 

1 

f 90 

40 

100 

98 

\ 54-56 

\ 90 

80 

100 

100 


1 46 

20 

100 

20 

1 

( 79 

40 

100 

36 

} 34-40 

82 

80 i 

100 

30 

1 

[ 63 

40 ! 

100 

63 

60-62 

61 

40 

100 

42 

48-52 

58 

80 

200 

96 

58-60 

80 

80 

200 

100 

64 

54 

80 

100 

92 

54 

56 

40 

100 

22 


f 75 

80 

100 

30 

36-40 

• 72 

160 

100 

44 


i 68 


The results presented in the tables clearly indicate that at a tem- 
perature of 50° F., or higher, both hydrocyanic acid and ethylene 
chlorhydrin are more toxic to codling-moth larvae than at a tempera- 
ture of 40°, or lower. These differences may be explained in two 
ways: (1) Both fumigants volatilize very slowly at low temperatures, 
and not enough gas accumulates within 1 hour to produce a lethal 
concentration. Even where the evolution of the hydrocyanic acid 
gas was hastened by the aid of a hot asbestos sheet, the low tempera- 
ture in the fumigating chamber would tend to condense the gas back 
into its liquid form and thus decrease its rates of diffusion. (2) At 
lower temperatures the insects are less active than at higher tempera- 
tures and may not be so readily susceptible to the poisonous action of 
the fumigants. 

SUMMARY 

The following fumigants were tested on codling-moth larvae at 
different temperatures under laboratory conditions: Liquid hydro- 
cyanic acid, ethylene chlorhydrin, carbon bisulphide, ethyl acetate, 
ethylene oxide, diethylene oxide, and ethylene dichloride. The mini- 
mum dosages, calculated in cubic centimeter of liquid per 100 cubic 
feet of space, required to kill 75 per cent or more of larvae were 
determined. 

The results from tests on naked larvae show that ethylene chlor- 
hydrin and hydrocyanic acid proved most toxic, the minimum dosages 
being 20 cc and 30 cc, respectively. Carbon bisulphide and »ethyl 
acetate ranked very low in toxicity, the minimum dosages being 286 
cc and 572 cc, respectively. Diethylene oxide, ethylene oxide, and 
ethylene dichloride were midway between the two extremes, with 
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mimnaiim dosages of 115, 143, and 215 cc, respectively. The tests on 
larvae in hibernacula show, in general, the same order of toxicity for 
the various fumigants as observed on naked larvae, with the exception 
that the minimum dosages were considerably larger. Low tempera- 
tures greatly decreased the percentage of kill obtained with both 
hydrocyanic acid and ethylene chlorhydrin. 

LITERATURE CITED 

(1) Ginsburg, J. M. 

1931. WHAT SUMMER OIL SPRAYS MAY DO TO APPLE TREES. JoUF. EcOIl. 

« Ent. 24; 283-290, illus. 

(2) Kxight, H. 

1925. FACTORS AFFECTING EFFICIENCY IN FUMIGATION WITH HYDRO- 
CYANIC ACID. Hilgardia 1, no. 3, p. [35]“56, illus. 

(3) Quayle, H. J. 

1919. FUMIGATION WITH LIQUID HYDROCYANIC ACID. Calif. Agr. Expt. 
Sta. Bui. 308: 393-407, iUus. 

(4) Roark, R. C., and Cotton, R. T. 

1930. tests of various aliphatic compounds as fumigants. U.S. 
Dept. Agr. Tech. Bui. 162, 52 p. 

(5) Spuler, a. 

1929. SPRAYING EXPERIMENTS FOR CODLING MOTH CONTROL. WasK. Agr. 

Expt. Sta. BuL 232, 70 p., illus. 

(6) WoGLUM, R. S. 

1919. RECENT Results in the fumigation of citrus trees with 

LIQUID hydrocyanic ACID. Jour. Ecou. Ent. 12: 117-123, 
illus. 

(7) 

1923. FUMIGATION OF CITRUS TREES FOR CONTROL OF INSECT PESTS. 

U.S. Dept. Agr. Farmers' Bill. 1321, 59 p., illus. 

and Rounds, M. B. 

1920. daylight orchard fumigation. Jour Econ. Ent. 13: 476-485. 


(8) 



APPARATUS FOR MAKING AUTOGRAPHIC RECORDS OP 
CATALASE ACTIVITY OF PLANT TISSUES, AND THE ^ 
PROCEDURE INVOLVED' 

By Arthxjk J, Heinicke 

Head, Department of Pomology, New York (Cornell) Agricultural Experiment 

Station 

INTRODUCTION 

Variations in activity of the enzyme catalase, which is universally 
present in living tissue,, may be a useful indicator of certain metabolic 
conditions of plants and animals. In the case of apple-tree tissues, 
for example, catalase activity of the leaves or of the bark affords a 
convenient and highly sensitive index to some changes in the internal 
condition of the plant, which in turn may be related to such mani- 
festations as vigor of shoot growth, flower-bud formation, condition 
of maturity, resistance to winter injury, and the like. Similar rela- 
tions between catalase and certain growth phenomena are found in 
other plants and tissues, including seeds and fruits (i, 2^ Sj 7, S).^ 
While the determination of catalase activity is relatively simple, 
there is no widely adopted standard procedure. The results obtained 
by different workers depend to a large extent upon the methods used. 
The apparatus described in this article is an elaboration of the device 
illustrated in Cornell Memoir 74 (.4)* Us chief features are that it 
enables the simultaneous determination of catalase activity in 12 
different samples of tissue with an autograpliic record of the results 
in each case. In using this equipment there is a great saving of 
time wherever numerous determinations are to be made at frequent 
intervals. The graphic records afford an accurate and convenient 
means of comparing the catalase activity of different tissues or of the 
same tissue at different seasons. 

DESCRIPTION OF APPARATUS 

Figure 1 shows the complete apparatus with the 12 reaction cham- 
bers in use. The 2-arm reaction tubes (k) and the gas-collecting 
bulbs (1) are immersed in a copper water bath (c), which normally 
occupies the position outlined by the dashes. The bath is kept at 
a constant temperature by means of an electric heating unit controlled 
by a thermoregulator. The motion of the shaker (a) agitates the 
water, thereby insuring a uniform temperature throughout. 

The shaking device, which also supports the reaction tubes, is 
made of brass and is operated by an electric motor. The rate of 
vibration of the shaker and the distance to and fro may be governed 
by varying the diameter of the pulley and the length of the levers. 
(Fig. 1, a\) When the tubes are held on the support by the spring 
clamps they must be tilted forward. Such a position provides a 


1 Received for publication Dec. 12, 1932; issued July, 1933. 
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greater exposure of surface of the reacting solutions when^ the shaker 
is in operation. It is thus possible to provide thorough mixing of the 
liquids in the reaction tubes without the accumulation of all material 
alternately in one arm or the other. This insures the free release of 
oxygen at a regular rate. 

The gas-collecting bulbs are held firmly in place by means of a 
special brass support. (Figs. 1, b and 2, b,) This support may be 
moved along rods which are fastened to the side of the water bath. 
(Fig. 1, ¥,) Each gas bulb is connected to a reaction chamber by 
means of heavy rubber tubing. The rubber tube is just long enough 
to^permit free motion of the shaker. 

The details of connecting reaction tubes, gas bulbs, and burettes 
are clearly shown in Figure 1 and are indicated diagrammatically in 
Figure 2. The water, which is forced out of the gas bulbs (fig. 2, a, b) 



Figure l.— General view of apparatus used for autographic records of catalase activity: a, a', Brass 
shaking device and support for reaction chambers; b, b', brass support for gas-collecting bulbs; 
c, position of constant temperature bath; d, base of wooden support upon which are mounted the 
burettes with floating indicator pens; e, movable support with guide wires by means of which pens 
may be held away from smoked paper;/, support for plumb lines, with spiral weight, which hold 
pens against smoked paper; g, smoked paper for autographic record of determination; h, revolving 
drum of kymograph; i, small bottles containing macerated tissue with prepared chalk and distilled 
water added; j, small mortar and large pestle used in triturated tissue; k, 2-arm tubes; f, gas- 
collecting bulbs used as reaction chambers 

p the volume of oxygen increases as a result of the catalase reaction, 
is transferred to the glass tubes or burettes (fig. 2, A, e) containing 
the floating indicator pen. (Fig. 2, A,/) These burettes are about 
12 mm in internal diameter and are selected for uniformity of bore. 
They are firmly mounted with rubber gaskets in holes drilled at right 
angles in the thick wooden support. (Figs. 2, A, d and 2, C, a.) 
This support may be adjusted in any direction so as to permit proper 
leveling and alignment. The indicator pen in each tube is floated 
by a cork (fig. 2, A, g), saturated with paraffin, and is held in an 
upright position by the metal cap. (Fig. 2, A, h.) The indicator is 
made of stiff wire and consists of an upright member and a horizontal 
arm "(fig. 2, A, i) whose length and position may he adjusted by 
moving the wires through the holes in the diamond-shaped metal 
union. 
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Figure 2.— A, Diagram of apparatus for autographic records of catalase determination, showing 
connections and longitudinal section of recording device: a, Reaction tubes, capacity of each arm 
, about 10 cc and total volume 40 cc; 0, gas-collecting bulbs containing water, connected with a by 
heavy rubber tubing; c, cross section of brass support (top view shown in B); d, support for burettes 
and recording device; e, glass burette connected with b by heavy rubber tube; /, floating pen- a 
cork float impregnated with paraffin; h, metal cap to guide indicator; i, horizontal arm whicm may 
be adjusted in any direction by moving through the small diamond-shaped metal connection 
plate; j, plumb line of fine wire with lead weight to hold pen against drum; k, taut wire stretched 
on support to hold pens away from drum; I, movable support for holding taut guide wires* m 
drum of kymograph; w, upper part of support; p, support for drum. B, Brass support for holding 
gas-collecting bulbs: o, Cross section of bulb; d, metal tape; c, rod along which support may be 
moved up or down; d, screws for adjusting pressure of tape. C, Arrangement of indicating units 
as viewed from above; c, Base of heavy wooden support; 6, lever for operating support; c support 
which moves in track between j and k; d, cross section of burettes; e, horizontal arm of floating 
pen which moves vertically with change in level of liquid in burettes; /, plumb lines serving as 
guide wire to hold pen against drum; g, taut wires attached to movable support which hold pens 
away from drum when lever is pulled to left of position shown in diagram; /i,' smoked paper- i 
revolving drum ^ 

1587-~33- — -6 
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When in operation, the horizontal arm of the indicator is held 
ag’aiiist the paper on the recording drum (fig. 2, A, m) by means of 
ISTo. 36 constantan wire (fig. 2, A, j) which is suspended from the 
support (figs. 1,/, and 2, A, n). This wire is held taut by the lead 
weight attached to the lower free end. Care must be taken in sus- 
pending these plumb lines so that the pressure exerted against the arms 
is not great enough to interfere mth the vertical movement of the 
indicator as it is forced up by the float. In the plan shown in figure 
2, C, the small dots represent the points at which the plumb lines come 
in^contact with the pens. 

When not in use, the arms of the floating pens are held away from 
the drum by means of the guide wires (figs. 2, A, and 2, C, g) at- 
tached at the upper and lower ends of that part of the support which 
moves in a semi-circular groove and which is operated by a lever 
(figs. 2, A, I, and 2, C, b and c). 

The smoked paper upon which the catalase activity of the sample 
is graphic ally recorded is fixed to the revolving drum of the kymograph., 
(Fig. 1, g and h.) The horizontal lines on the paper represent cubic 
centimeters of oxygen developed during the reaction. In calibrating 
the burettes to determine the exact spacing of these lines, successive 
cubic centimeters of air are added to the reaction tube through a 2-hole‘ 
stopper substituted for that purpose. It is of course easy to deter-* 
mine whether the various units give comparable results. When equal 
amounts of the same solution are used in each of the 12 tubes, the 
curves obtained are identical in a proper set-up under standard 
conditions. 

The kymograph is mounted on a grooved steel track, fastened to a 
heavy table. It may be pulled away from the support containing the 
indicating de\dces whenever the smoked paper is to be changed. The 
drum is operated by an electric motor and may be run at a wide range 
of speeds. Active as well as inactive samples may therefore be accom- 
modated without taldng up too much space of the chart. The full 
length of the chart should accommodate 8 sets each of 12 determina- 
tions, or 96 separate graphical records. The actual running time is 
recorded by means of a stop watch so that the graph may be trans- 
lated in terms of volume and time. The running time, nature of 
sample, and any other pertinent data may be written on the chart, 
and the entire record may be rendered permanent by dipping the 
chart in varnish. 

STANDARD PROCEDURE 

In using the equipment described above, the following procedure 
has been found convenient for studies involving fruit-tree tissues and 
is the standard method used in wurk previously reported by the 
author (4, S). The amount of tissue involved need not exceed' 0.1 g 
fresh wnight. This is furnished, for example, by 5 to 10 buds, by 
20 disks of leaf tissue each 7 mm in diameter, or by 3 to 5 disks of 
bark each 5 mm in diameter. Larger amounts of tissue may, of course 
be used to obtain Gomposite samples or for other purposes. A sharp 
cork horer is well adapted for sampling such tissues as leaves or bark. 
Unavoidable injury in sampling, such as occurs in cutting the bits of 
tissue, should be kept at a minimum and should be uniform. 
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The fresh tissue is held in 100-cc tightly stoppered bottles and is 
weighed as soon as possible after collection. After the sample is 
weighedyit is placed in a small mortar and moistened with about 1 to 
2 ee of distilled water. Enough precipitated chalk is added to form a 
creamy mixture with which the tissue is thoroughly coated before 
trituration begins. It has been demonstrated that catalase actmty 
may be greatly inhibited in some preparations unless neutralization 
occurs as soon as the cells are ruptured. In this connection it should 
be pointed out that the precipitated chalk is in a much finer state of 
division than are the ordinary samples of chemically pure powdered 
calcium carbonatej and probably for this reason the neutralization 
seems to be more eflfective in the former case. After thorough tri- 
turation with a large pestle (a bit of quartz being added when woody 
tissues are involved), enough distilled water is added to give a final 
dilution of 1 g of fresh material in 100 cc of water for active tissue, 
such as leaves or buds, and 1 to 50 for less active samples, such as 
bark or wood. The diluted preparations are returned to the small 
bottles and kept in a cool place. 

In order to allow the preparation to come to equilibrium, deter- 
minations of catalase activity are usually made several hours after 
trituration of the tissue. Shorter or longer intervals may, of course, 
be adopted as standard. The sample used in each determination 
consists of 1 cc of the thoroughly mixed preparation. This is with- 
drawn quicldy from the bottle with a l-cc pipette before settling of 
the agitated suspension can take place. The tip of the pipette may 
be broken ofl‘ to facilitate transfer to the suspension. Samples are 
placed in one arm of each of the 12 tubes which are clamped in 
place on the support and shaker. Into the other arm of each reaction 
tube 2 cc of neutralized 12-volume dioxogen is introduced. The 
stoppers provided with a glass outlet are then firmly fixed to the 
reaction chambers. Next, the rubber tubing, which remains fastened 
to the gas bulb, is connected to the stopper and is made to overlap 
from 3 to 5 cm on the glass outlet. This variation in the length of 
the connecting tube makes it possible to apply the exact pressure 
required to bring the arm of the indicator floal on the level of the 
lowest line on the smoked paper. The level of the horizontal arm 
may itself be adjusted if need be. During these operations the 
sample and the dioxogen reach the temperature of the bath which is 
usually held at 20° C. The volume of air in the rubber tubing and 
above the liquids in the reaction chamber and gas collecting bulb is 
approximately 75 cc. 

When all tubes are connected, the drum is set in motion and the 
shaker is started as soon as the smoked paper has reached a definite 
point at which the record of the determination is to begin. A stop 
watch is used to time the determination from the moment the mixing 
of dioxogen and the preparation first takes place. 

^ The reaction may be allowed to continue for any desired length of 
time, usually between 100 and 600 seconds. At the end of a fixed 
period the horizontal arms of the pen may either be withdrawn from 
the paper by means of the lever operating the movable support with 
guide wires, or the drum may be stopped at that time, allowing the 
further development of gas to be recorded by the height of the vertical 
line. . 
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After the determination is finished, the reaction tubes are discon- 
nected, washed immediately, and drained thoroiigUy before they are 
again placed on the support for the next run. Duplicate or triplicate 
determinations of each samj^le can easily be made since only a small 
quantity of the preparation is required at one time. 

Several typical graphs in wliich variations in catalase activity of 
apple-tree tissues are clearly shown are reproduced in Figure 3. It 
should be noted that one set of determinations shown on this figure 



Figure S.—Copies of autographic records of catalase activity. The records on chart 116 are for a 
run of 100 seconds, and on chart 139, for 300 seconds. Note variation in activity of different tissues 
and of the same tissue from different trees 


lasted for only 100 seconds, the other for 300 seconds. ^ It is obvious 
that the gromng points are far more active than leaf tissue and that 
bark is less active than either. That the activity for a given time 
varies with the tree is also clearly shown. By measuring the distance 
the paper has traveled during a given time, it is easy to translate the 
results in terms of seconds required to develop a given amount of 
oxygen. The total amount of gas developed during the entire period 
is represented by the vertical distance from the base line and may be 
approximated by directly reading the chart. 
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